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PREFACE. 


In tins little book I propose to offer to the Draughtsman, Pattern- 
maker, Moul(l<‘r, iSmitli, ]U)iler-makor, Fitter, Turner, Eroetor, 
and Engineer’s Storekeepci a ready means of obtaining or verify- 
ing tlie meaning ot teiins in use in other dc'partnu'uts tli.'in liis 
o\Mi, and uhich, owing to the ever- widening gulf whicli separates 
one class of workmen from tlio rest, an' S(ddom familiar to 
those outside of that particular depaitnu'nt in which the terms 
are in use. 

I venture to think that the cngiiu'or’s pupil beginning his 
practical studies, and the amateur worker, neither of wliom 
can possibly know' tho sense of many of the terms which they 
meet with in their technical books and journals, will also find 
it profitable to turn to a Look of this character for definite 
information thereupon 

My claim to tlu' posse'^sicai of the specitil knowledge necessary 
for this task is, that I have been in the factory, engaged in 
practical duties, dining all my w’orking life of twenty-seven years 
The drawing ofhco, pattern-sho]), foundry, fitting, turning, 
smith’s, and boilei -shops are familiar to mo in my capacity as 
foreman ; therefoie I have drawn m this work on the experi- 
ences of my daily hfe, coupled w ith some necessary amount of 
self-culture. I have endeavoured to discard all fanciful and 
unusftal terms coined by individual w orkmen, or which are only 
(Jhrrent in a single shop or district, and to give only those which 
are of universal, or of moderately wide application- 



FREFAOK. 


Vl 


In a work involving more than six thonsand definitions, 1 cam 
scarcely hope, notwithstanding much care, that all errors will be 
eliminated, or that there will be no omission of important terms. 
I shall, therefore, be gratified at receiving through the publishers 
any hints or corrections, to be incorporated or borne in mind in 
future editions. 


NOTE TO THIRD EDITION. 

Anotheb Edition being required, I have taken the opportunity 
to make a few additions to the Appendix relating to the more 
important recent advances in Engineering practice. 

Joseph Horneb. 
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rSED IN 

MECHANICAL ENGINEERING. 


^bele (I\)pitius ai6a)f or White Poplar.—A species of poplar sometimes used 
by pattern-makers. It is of a reddish colour, lijjht find porous, and 
moderately hard. Sp. gr. 32 to *51. A cubic foot weighs from 20 to 
31*8 lbs. 

About Sledge. — Signifies the ordinary swinging of a smith’s sledge-hammer 
in a circle for the delivery of heavy blows, as distinguished from the 
lifting it through a small arc only, or uphand (q.v ), for light blows. 

Abrasion. — The proec'^s or act of grinding, ns opposed to that of cut- 
ting. This 18 of great economical impoitanco in work-shop practice, 
since all emery-wheels and grindstones are employed for the abrasion 
of metals in cases where the employment of rutting tools would bo 
inadmissible, being either too slow in Ihoir action, or too inaccurate 
in their results, or would fail altogether to attack the haidor variolios of 
metal. 

Absolute Pressure. — It is customary to estimate the prossuro of steam in 
lbs. above the atmosphere, but it is also the practice in some coses to 
reckon it from the point of no prrssurr, or the point of perfect vacuum 
This IS called absolute or total piessurc. 

Absolute Strength — 1 he actual breaking strength (q v ) of a bar or 
^ structure, as distinguished from the safe or working load. 

Absolute Temperature. — Temperature measured from absolute zero (q.v.), 
and useful in dealing with gases. The temperature of steam is often 
given in deiirees of absolute temporntuio. ITieso may be translated 
mto degret s Fahrenheit bj addinj^ 460° to the degrees on that scale, 
or into degrees Coniigradc by adding 273 to the degrees on that scale. 

Absolute Zero.— Coriesponds with the bottom of the air thermometer at 
which the volume of the air is imagined to have been reduced to nothing 
It baa of course no existence m fact, hut is deduced from theoretical 
considerations based on the expansion of gases. It coriesponds with 
-459*13° F or-272 »5°0. 

Absorbing Power. — ITie capacity of timber for absorbing the preserva- 
tiye fluid used in its impregnation (q v.). The absorbing power vaiies 
witl^the nature of the wood sab|cct(*d thereto. 

Abutments. — The surfaces of support of an arch, beam, or bridge, which 

* sustain the reactions due to the load. 

Aeuoia. — The true acacia is the wood called sabacu, which though used 
in shipbuilding is scarcely, if at all, employed by engineers. Tho 
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timber known popularly as acncia is the wood of the locust-tree (RoHnUi 
p8eudacacta)t or ialse acacia. Both woods belong to the order Legu^ 
mxnoim. The locust-tree grows in America and in Europe, and the 
wood IS of a greenish yellow colour. It works very much like oak, 
though not so bard, and is used for the cogs of moitice- wheels. A cubic 
foot weighs when dry 61 lbs. 8p. gr. *82. 

Aeeident Crane. — A break-down crane (q.v.). 

Aodunnlated Work — Work done upon a body or svstem of bodies over 
and above that necessary to enable them to overcome external resist- 
ance. The fly-wheel of an engine nffords a familiar example of ac- 
cumulated work. 

Aooximiilator. — Tlie cylinder into which water is forced or accumulated 
under pressure, in order to furnish the motive power necessary for 
lifting tho weight case (q v.) in hydraulic mac limes of various kmds. 

Aoid Bath. — A large shallow bath used for fixiug phototypes (q v.), 
Tho liquid is composed of one part of hydrochloric acid to nine parts 
of water. See Blue Bath. 

Acldity.“Sco Oils. 

Aoid Process. — Tlie early process of steel making in the Bessemer conver- 
ter (q.v.las piactised picvious to the introduction of th(‘ Basic process 
(q V.). The silicious oi “ acid ” lining (ganistcr) ongmally employed for 
the converters rendered it impossible to effect the removal of the phos- 
phorus present m tlie pig, because silica has a greater affinity for the 
oxide of iron which is exiielled witli the slags than phosphorus has , 
tho silica disphwes theroforo phosphoric anhydnde, P 2 Ofi, as soon as 
formed, and permits of its immediate reduction to phosphorus and 
oxygen again Ilonco the ntn^cssity for a strong basic Iming, by whose 
employment the free oxidiition and elimination ot phosphorus is rendered 
possible. 

icid Pump. — A pump whose hairol and valves are made of glass m order 
that they may reinaiu unaffected by the action of tho acid liquors 
which have to pass throi -rh them 

Aoid Bteel. — Stool prepared by the acid process (q v ). 

Acidulated Water. — Water in which acids have boon generated, and 
which produces corrosion in steam IkuIcth. Tho acids usually are the 
r^ult of tihe decomposition of oils and fats carried over from the cylin- 
der thiMugh tho condenser, or from tallow introduced into the boiler in 
injudicious quantity with a view to the prevention of incrustation. 

Aotion. — The action of on engine or maohme denotes its mode of working. 
In mechanics it is an axiom that action and re-action are equal and 
opposite. 

Actual Horse-Power, or Available H.P.— Sometimes called Dynametn- 
oal H.P. The net useful power given out by an engine. Its amount 
is estimated by subtracting the iiowor absorlied by the engine itself 
|rom the indicated H.P. (q.v.). llie actual H.P. may average *7 or 8 
of tihe indicated H P, 

Acute Angle. — One which is le^ than a right angle. 

Adamson’s Flanged Joint. — See Flanged Seam. 

Addendum. — Sometimes used to signify the point or face of the tooth of 
a gear-wheel, lying without th^itch circle. 

Adhesiye Power, or Adhesion. — Tne amount of bite or friction of theo 
driving wheels of looomotiveB upon the rails, or of the oouplod wheda . 
in heavy engines. When the a^esive power is less than the traotive 
force (q.v.) the wheels slip. With clean and dry rails the adhesion is 
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Abcmt one-fifth or one-aixth of the weight — ^with greasy rails one-t^ih 

• or one- twelfth. 

Adiabatie Cnrre. — ^The curve which ropresente the expansion of a gas 
within a vessel, through whose substance no heat is supposed to escape, 
notwithstanding that the gas is doing actual work during its oxpansioii 
It is^usoful in ostimatiug tlie ecoiiuimcal efliciency of steam, air, and 
gas engines 

Eccentric — An otsoentne sheave which is so constructed that 
it can be moved relatively to its shaft into a position for either forwanl 
or backwanl gear as required. There are numerous forms in use 
Most eccentrics, b(‘wever, are now fixed. See Fixed Eccentric. 

A4jnstable Footstep.— See Footsh'p Bearing. 

Adjtutable Level. -A spirit-level (q v ) which is capable of adjustmont 
foe reliable indication, irrosjiectivo of anj inaccuracy which may bo 
present in the stock itself. The bubble tube is attached to a casing of metal 
which la hinged at one end, and provided with a screw for adjustment 
at the end opposite. Bv tiiming the adjusting screw whioli elevates or 
depresses the casing and simultaneously packing up the stock, untd the 
bubble remams in the same position on the reversal of the stock, or end 
for end, very great accuracy may bo attained 

A4jttetable Stroke. — Tlie stroke or amount of travel of the ram of a 
ahaning or of a slotting machine, whose length can bo varied according 
to tne work in hand It is made adjustable by causing one end of the 
oonnectmg-rod of the ram to move across the fa(io of the driving cog- 
wheel, or of the throw disc, nearer to, or farther from its centre, and 
clomping it at the particular radius desired. 

Adjuatuig Screw. — A sot-screw by moans of which the position of machine 
parts IS adjusted or regulated more minutely than would Ik) possible of 
attainment W the mere settmg to dimensions. 

Adjustment. — The placing and sotting of engine and machine parts in 
position. Or tlie more exact and precise regulation of the positions of 
parts already set ap[)roximatoly 

AiQustment Strips. — Strips of metal bj means of which the exact bearing 
^ sliding surfaces is accurately adjusted, the precise shade of oontaot 
being effected by pressure imparted to the strips from sot or adjustment 
screws. The 8ii(^g faces and edges of machine parts are thus ad- 
justed. Vee strips (q.v.) are the commonest form in which they occur 

Ajutage, or Ajutage —Am outlet m the side of a tank or vessel for the 
efflux of flmde. See Vena Contnicta — Compound Adjutages. 

Admiralty Buie.— What is known as the Adzniralty rule for the nominal 
horse power of engines is (1st), Multiply seven times the area of the 
cylinder in inches by the mean velooi^ of the piston in feet per minute, 
and divide the product by .13,000. {2nd), Square the diameter of the 

cylinder in inches, and mmtipiy by the mean velocity of the piston in 
feet per minute, and divide the product by 6,000. 

Ajmisnon. — The period or instant at which the steam enters an engine 
eylinder. Or the act of entrance. Or the whole peiiod of time during 
which steam is entering, from the initial point to the moment of cut 

AdfluttSoa (hinier. — That comer of an indicator diagram which eorres- 

• Muds with the period of the en^ of steam into an engine cylinder 
If this is much rounded or sloping it shows that the steam enters 
the o^itnder too slowly, and tiiat th^ is therefore too little, or no lead 
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iUbniiiUm Line.— fhat eide of an indicator diagram -which corresponds 
with the rise of ptcssnre due to Hi© entering steam in an engine cylin- • 
der. The nearer the line approaches to the vertical the betlOT; a 
sloping admission line indical^ a too early or a too late admission, 
accormn/^ as it 8lDr>©« at an obtuse or at an acute angle, with the atmo- 
spheric line. In iht first case there is too much, m the second, tod httle 
lead. 

Admiiiion Port. — The steam port or passage through which the entering 
steam gains access to an engine cvhnder In engines of ordinair con- 
struction, each port is alternately supply and exhaust, though it is 
usual to apply the latter term only to the port which exliausts directly 
into the atmosphere 
Advance. — See Angular Advance. 

Adse. — A wood-cutting tool, whoso cutting edge stands transversely or at 
right angl(‘8 -with the handlte^. Its bevel is ground on the inner face 
om;^ The entire outer face is slightly rounding. 

Adi© slock. — A sobd oblong block, scpiare m section, of iron or steel, 
which cairies the cutters or plane irons of a wood-planing machine It 
isfuniished with slots to allow of endlong adjustment of the irons 
African Oak. Sec* Teak. 

After Blow, — The blowmg of air into a Bessemer converter (q-v.] after 
the carbon has b(‘cn burnt out, in order to oxidise the pnospliorus. 
The mobil is said to be overblown when tlio operation is continued too 
long Overblown metal possesses siimlar characteristics to those of 
burnt iron (q.v ) In the liasic process the result of overblowing is not 
so deleterious to tlic iron as in tlio acid process, for while in the latter 
overblowmg produces oxidation of the iron, in tlie former the result i« 
mainly the more complete oxidation of the phosphorus. 

Aggregate Motion. — Motion whose origin is of a compound character. 

In otlior words, motion which is produced by the concentration of two or 
more independent motions upon one spot at the same instant 
Agitator. — A mechanical stirrer designed for the admixture of the spiege- 
leiseii and molten metal on its removal from the Bessemer converter to 
the ladle. The stirrer is attached to the bottom end of a vertical 
^iudle, and is coated with loam to protect it from the high temperature. 

It 18 revolved at the rate of about 100 revolutions per minute. The 
agitator runs m fixed bearings, the ladle being brought underneath it. * 
mo*‘ 

oh Metal, or Gedge’s Metal. — An allov of copper, 00 , zinc, 38*2 , and 
iron, 18. It is capable of being oast, hammered, roU^ or drawn. 

Air. — A knowledge of the properties of atmospheno air is requisite to the 
engineer, smee it plays an e8e<mtial part in the working of pumps and 
pump oonnectious, engines both condensing and non -condensing, air 
engines and air comprossors, and gas engines Air possesses the 
properties of a perfect gas, and as such comes under the law of Boyle 
and Marriott (q v ) . Air is a mechanical mixture essentially of 7^ 
volumes of nitixigen, -w'ith 21 volumes of oi^ygen The oxygen alone 
is capable of promotmg combustion, so that when air is foic^ into a 
blast furnace or boilerjpate 79 volumes out of every 100 are inert, and 
count for nothing. The pressure of the atmosphere at sea lev^ is 
14*7 lbs. jier square inch, put roughly at 16 lbs. in ordinary oalcnla-« 
tions, that bemg the weight of a column of mercury one square inch in 
section, and thirty inches high, which column -will just balance the 
atmo^heric pressure. Air is a bad conductor of heat. 
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Air Bav.—llie preeeer (q.T«) of a pneiimatio mouldings maoHno 

► Consifts of bugs inflated wiUx ai?c^ by which an elastic and 9qual 
pressure is imparted to the fmnd. 

Air Beit*«»In common cupolas the blast enters the tuyeres directly from 
the blast pip(*s, but the more modem practice is to surround the tuyere 
aone with an annular rkig or case into which 44ie air enters from the 
blast pipe or pipes, and from which it is delivered through six or eight 
tuyere holes into the cupoli lliis is termed on air bolt i>r wind oliest, 
and its adv.mtage is tliat the tuyeres bemg arranged eqiiidishuitly 
withm it, the blast is dilfusod more regularly than under the older 
method. 

Air Brake. — A brake actuated eitlier by compressed air, or by the pro- 
duction of a vacuum 

Air Casing. —An enclosed space onvtdoping a reservoir of boat in order to 
prevent loss therefrom by radiation Tijie u]dakos of marine lM)ilcr8 arc 
for this rt'ason oft(«n provided with ai/ casings 

Air Chamber.— -See Air Vessel. 

Air Channels. — Shallow channels or tlnn H]>acos underneath the hearths 
and tire bridges of reverberatory furnaces (q v ), their function being to 
protect the foundations from injury by the high tt'mperuture of the 
furnaces 

Air Compressor. — A machine by which atmosphoraj air is compressed in 
volume m order to be used for purposes of ventilation, or as a motive 
power for driving machiner^s rock dulls, , in sitiiations whore the 
presence of exhaust steam would be objectionable See Pnaumatio 
Tools in App 

Air Crucible Fumace.- An ordinary brass furnace (q v ) as distingmsbed 
from a reverlxa atory furnace, m which metal is medtod without the use 
of crucibles 

Air Cylinder. — The air pressure rylmdei, or the cylinder m which the air 
is compressed in un air compressor TIio term is used to distinguish it 
from the steam or other t»y under by whose agency the compression is 
effected. 

Air Engine. — See Hot Air Engine. 

Air Fnmace. — A term denoting generally any furnace in which no arti- 
ficial blast IS employed Reverberatory and brass furnaces therefore 
come under this designatiou. 

Air Gate. — ^A riser (q v ) 

Air Hole.— A small hole drilled in the clos'd metal moulds used for 
pn‘Wiing cup leathers (q v.) aud similar works, as a provision for the 
exit of the an, which, but for this jm'cautiou would bcfiomo com- 
pressed, and prevent the complete contact of the joints. Also when 
shafts or pms are dnvcii into Isjrcd holes closed at one end, air holes 
are proviaed lu the closed ends 

Air Jet — A jot or bbistof atriiosphenc air introdue(‘d into a gas producer 
to effect a more com]»l(‘tc combustion of the fuel, and an increase in the 
volume of the combustible gases 

Air Pump. — A pump cinploycHl with condensing engines, l>otli of the 
marme aud land types, for the purpf>HO of pumping out the water of 
e^densation which accumulates m Uio condenser. Since tlio air min- 
gled with the condensed water is exhausted by the same means, and 
a vacuum Is thereby produced, the term air pump is employed. Air 
pump are worked from an eccentric m oscillating engines, and from a 
locking lever in engines of the inverted cylinder type. 
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Air B«odT«r.— An intermediate resenroir of air placed 8oine|imM in 
oonrse of the blast main, between the blast nimace and blowin|^ 
engines, in order to render the^blast pressure unifonn. Air receivers 
are not required when the blast mains are long, and of large capacity * 
n(«f. when two en^cs are employed in alternate strokes. 

Air Bagenerator.— ^0 regenerator (q.v ) through which atmo«phmc 
air passes to be heated on its way to the furnace hearth of a reheating 
or steel melting furnace. It is larger than the corresponding gas re- 
genstatoi^. . 

Air Apaodi. — Tlie openings between the fire bars of engine boilers are 
termed the air spaces. It is osHcntial that these should not be too con- 
tracted, else the bars will become luiduly heated and twisted out of 
shape. 

Air Tap.—A imp fixed in the air pipe in hot-w^ter apparatus, to allow of 
the escape of nir from the series, which without this means of exit 
would accumulate thereui The air tap is placed at the highcnst point 
in the ilttnes of pipes, Air taps m pumps and engines are called pet 
cocks (q V ). 

Air Thermometer.— See Tliermomcter. 

Air H^esel. - A domed, globular, or egg-shaped vessel, attached to force 
pumps, long suction and delivery pipes, and hydrauhe rams, for the 
equalisation of the flow of the liquid. The sir which becomes en- 
tangled in the pipes and mingled with the water is driven into the 
vessel, aqd accumulates in its upper area under pressure, becoming an 
elaetio cushion or buffer tending to noutmhse tlie shocks due to the 
reversal of suction and dehvory. Pet cocks (q v.) are necessarily at- 
tached to all oir vosacls. 

Ajutage.— See Adjutage, 

Aider {Afnufs glutivosa) — A genus of plants of the natural order BetuU 
The wood is of a reddish -yellow colour, and soft It is used 
for friotion-hlocks, for patterns oeeasionally, aud m parts of wooden 
pumps, being but slightly affc'cted by moisture. Sp gr *56. A cubic 
root weighs .34 '9 lbs 

Algebraical Signs, or Symbols. — Conventional combinations of figures, 
letters, signs, hi*a<^kctH, A:c., by which cortam processes in arithmetical 
and geometrical calculations are indicated and understood. 

Alignment. — Tliis tenn signifies the Imear accuracy, umfomuty, or coinci- * 
dence of the conti*G8 of the fast and loose poppets of a lathe. It is also 
applied to the axial continuity of shafting and shaft bearmgs m general. 

Alligator Shears, or Crocodile, or Cropping Shears —Shears used for 
< uttiug off puddled bars in lengths siutable for piling, and also the 
crop ends of bars in general. There is a fixed lower jaw, and en upper 
movable jaw, whose fulcrum is set at the inner end of the cutting 
portion. Behind the fulcrum the lever is prolonged, and attached to a 
oonnocting-rod which receives its oscillatory movement from a crank or 
eocentric. 

Alligator SqaeeseA or Crocodile Squeezer — A form of squeezer used for 
the expultion of the cinder from, and the' consolidation of the puddled 
ball. An upper jaw, jiivoted at one end, is alternately elevated and 
depressed at the other by an arm worked from a crank, Betweeft this 
and the lower fixed jaw the puddled ball is operated upon. Th% 
specific term is given it by reason of the serrations whi<di are imparted 
to the upper jaw for the purpose of increasing its bite. Doulw alli- 
gator squeezers are also made, containing two pairs of jaws. 
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AH Mlw> — Pig iron of the ordinary kind wlliiih is smelted mtlrely 

# from on^ as distmgaiiihed from cinder pig (q v ). 

Alloy. — homogi^eons combination ot two or more mOtals, effooted by 
fi^on, for the ]()urpo»e of obtaining certain qualities more suitalde for 
iroeoial purposes than thosqjKMsesiM by the original constituent metals 
themselves. 

Alternate Cones. — ^When two equal cones are arranged on parallel shafts, 
with their bases facing in Toverse dirc'otions, they are said to be alter- 
nate, and their iimtmil function is the production of variable motion by 
means of a shifting licit made to travel from end to end. 

Alternate Stresses.- -See Oscillating Stresses 

Alumina.— Symb AI3 0.^. Sp gr. 9 The only oxidt^ of the metal 
alumimiim It is the mam mgroiUcnt m epiery, and is an essential 
constituent of all clays, detonnmmg tlicir basic chax^tislr, and suita- 
bility for furnace lmm|f8 

Alnmininm. — Symb. Al. Sp. gr. 2 6 . Comb, weight, 27 3 A white 
malloablc silvery- looking metal, unaffected by tlio atniospbere. It is 
a widely ditFascwi metal, existing never m the free state, but in 
combination with silicon and oxygen, in which condition it enters into 
the essential formation of all clays. Aluminium is now largely em- 
ployed, See the term in App ** 

Aluminous Bricks. — Fire-bncks whoso basis is alumina. They are 
employed in those portions of hearths and funiaoo linings whore con- 
tact between the bncks and motalho oxides would occur, silica bricks 
being unsuitable for use in those situations. 

Amorieau Book Elm. - See Elm. 

Analysis. — Tlie detc*rmmation of the percentage proportions of the 
elements existing m a compound mattuial. The analysis is then said 
to be quantitative. Qualitative analysis simply di'inonHtratos the 
presence of ceitain elements by their leaetions on c»ther elements or 
oodles, without detemuaing their relative proiiortions. Analysts arc 
employed m all largo iron and steel works. 

Anchor. — A chaplet (q v ). 

Anchor Bracket. — A bracket, or bhxk, to which the fast end of a brake - 
strap, or that farthest away from the lever, is attached. 

Angle.— An angle is formed by the inclination of two lines towards one 
another The angle is plane, if the lines are straight , curvilinear, if 
the linos are ourvi*d. A right angle is formed where one lino is per- 
pendicular to another, an acute angle when tlie meeting hues form less 
than a i^^t angle, an obtuse angle when they mike more than a right 
angle. The dimensions of angles are given m di groes of arc included 
by the converging bnes. 

Angle Bearing — A crank-shaft bearing attached to an engine bed, the 
centre line of its joint being placed at an angle of about 45^ with the 
bed, the puipose of which is to effect that disposition of the metal best 
calculated to withstand the strains due to the motion of the crank and 
connecting-rod. 

Angle Board. — A board upon which pattern-makers plane their angles 
and hollows (q.v.). It is traversed longitudinally with vee*d grooves 
ed diS^rent depths to suit angles of different sizes, in which grooves the 
stuff is laid while being planed, a transverse strip near the end acting 
as a stop. 

Anglo BKneket — ^A bracket, two of whose faces abut against the angular 
mom of a atmoture^ whib the third face or hypotheimse Umsm an 
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angle therewitli of 45^ or otlierwud. Ang^ bmokets are of oast iron o^ 
TamtiJB designs, or are built up with angle irspi and plates, and are use^ 
as supports, stifiFeners, ooxmeotlons, bnusea. 

Angle Chnok.— An angle plate (q<vO 

Anffle Iron. — Angle irons are rolled malleable iron bars, whose sectidi is 
that of the lett^ L.. Their cross sectional dimensions are given as the 
widths of each side, and their thicknesses, thus : — 3 m. 1^ 4 m. by J in , 
or 3 in. by 3 in. by } in. as the case may be. Angle irons are oq[ual 
sided when the two webs are of equal width, as 3 in. by 3 in. by f m.; 
unequal sided when one web is wider than the other, as 2 in. 
by 8f in. by A in., or 6 in. by 4m. by J m. ; square edged when the 
outer edges are square in section instead of rounding, die last being 
most commonly the case ; obtuse angled when the two webs are 
not at right angles, as is also most usual, but inclined at an obtuse 
angle ; round backed when the angle formed by the meeting of the 
wens is not shaip but rounded o£P instead ; bulbed when the edge of 
one web is beaded or bulbous in section. Angle irons, or angles, as 
they are called for shortness, arc used in almost all kmds of con- 
structive engineering works m wrought iron and steel. 

Ailgla Iron Furnace. — A reverberatory furnace used in boiler-makers’ 
and platers’ sheds for the purpose of heatmg angle irons, preparatory 
to bending and welding. 

Angle Iron Shears. — Vee- shaped shears attached to shearing machines 
for the cutting off of angle irons, the outside faces of the angle iron 
being laid in the bottom vee. 

An^le Iron Smith. — A workman in a boiler shop, whose special task con- 
sists in bending the angle irons of boiler and other plated work, and 
generally in preparing the angle irons of roofs, bridges, and similar 
built up structures in readiness for riveting. 

Angle Joint. — A joint made by the meetmg of plates at an angle with 
each other. The plates may either be distinct, or a single plate may be 
bent round at an angle. Joints of separate plates are commonly made 
with angle iron (q v.) ; but welded joints and flanged joints, the latter 
being ei^er riveted or bolted, are also usual. 

Angle Motion. — See Canting Motion. 

Angle of Advance.— See Angular Advance. 

Angle of Flexure,— The angle measured in degrees thr<iugh which torsion 
deflects a shaft. It varies as the length, and inversely as the diameter 

Angle of Friction. —See Angle of Repose. 

Angle of Inclination. — The angle which the thread of a screw makes with 
the axis of its IkmIv. 


Angle of Belief. — The angle formed between the buck or lower port or 
face of a cutting tool, and the face of the material upon which it 
operates. An angle of relief is necessary to pi'event the setting up of 
undue friction or grinding action between the tool and the work. It 
varies from about 3° in some metal-outtmg tools to 25° in planes for 
wood working. 

Angle of Bepoee, or Arg’e of Friction. — ^The angle of a plane surface 
inclined r^tiyely to the horizon, upon whioh a body will, under 
efpecifio conditions^ juat begin to sliae. It varies widely witib the 
nature of the particular materials placed in contact and with the 
senoe or absence of unguents. 

Anglo of BpooU^Tbe angle which the longitudinal centre line of tile 
upper worn of a balance enme of tiie portable type makes witii tiie 
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kngiindinal oentre lina of the trook when it would jnst hem to n^t 
or orertom with the i|prht of the load. Sto Bloohing Girders, &d] 
dips. 

•aii^le Plate, or Angle Chnok.—A special machine part or adjunct, of 
oast iron, being formed of two ribs of metal, standing at right angles 
witlL each other, and pierced with slot holes for the reception of hdts. 
Angle plates oi'o used for the attachment of various '^ork to the beds 
of planmg machines and shaping maohmes, and to the chucks or bods 
of lathes, one face being bolted to the bed or chuck, the other receiviug 
the work which is to be operated upon. 

Angles. — Strengthenmg pieces runnmg round tlio angular portions of 
castings. Hollows (q.v.) answer the same purpose and have a neater 
appearance. Angle irons (q.v.). 

Angles of Catting Tools, or Cutting Angles.— These are measured between 
the surfaces of the materials upon which tliey operate, and their cut- 
ting faces. They vary from about 15 ^ m spokoshaves to 120 ” in 
broaches. 

Angular Advance. — The angle which the centre of an eccentric shca-ve 
makes with a Ime which is set 90 ” in advance of the oronk-pin. The 
amount of the angular advance governs the extent of the lap (q v.) and 
lead (q.v.) of the valve. 

Axigular Brace. — A drillmp^ brace which is jointed to permit of the drill- 
ing of work at an ai^lo m confined situations. 

Ang^r Deflection — ll^uivalent to the angle of flexure (q.v.). 

Axigular Displacement. — la expressive of the distance travelled by a body 
which IS moving in a circle, the distance being given m angular 
measure of the radu of the moving body. 

Angular Pence.— See Fence. 

Angularity of Connecting-rod. — See Obliquity of Connecting-rod. 

Axigular P^^ctem Die-Stock. — That form of die-stock in which the 
haqdlcs are placed at an angle with the longitudinal axial centres of the 
die^>, in order to permit of the sot-screw which tightens the dies thrust- 
i.ig in the Ime of their axial centres. 

^Aguiar Thread — A screw thread whose cross section is that of a 
triangle, as distinguished from a square thread. 

Aiupilar Velocity. — A body travelling in a circle moves through a certain 
distance away from its startmg point in one unit of time, or say in 
one second. If lines are drawn from the extreme points of its travel 
to the common centre of its radii, a definite angle is enclosed thereby. 
The angular velocity is measured in terms of this angle, not in degrees, 
but in the ratio which the ore described in one second bears to the 
radius 

Anhydrous.— Free from water, that is not only free from water in a state of 
mechanical mixture, but also as chemically combined. Unslacked lime, 
for example, Ca O, is anhydrous , but mixed with water, chemic^ com- 
bination takes place, and Ca O HO lesults. Compounds of this kind 
are then said to be hydrated. Thus brown hsematite is a hydrated 
feme oxide Fe2 O3 3H2 O. The term anhydride is used to designate 
an anhydrous substanoe ; as for instance, carbonic acid, or carbon 
dio^pde, is very properly termed carbonic anhydride CO2, since an add, 
strictly speaking, must contain w^ater. 

nahvflrous Tar,— Tar which has been boiled to expel the water. It is 
mixed with burnt dolomite (q.v.) to form a paste for the Ibiing ol Bea- 
temereonverters (q.v.)* 



10 


DtCTIONARY OF TERMS USED IN 


iknimal Cili.^Lubricating oils fat inachincry obtained from animal 
sources, and being found in the adipose tissuesy — the principal beiitf 
sperm, ordinary whale, neats-foot, seal, and though not popidaiiy 
termed oils, the solid fats, lard, tallow, &c. They are all highly ralu- 
able to the engineer for puiyoses of lubrication, and are noted under 
their several headings. Excluding those whi(ih arc erroneously termed 
the fish oils, as sperm, whale, seal, the animal oils do not dry (see 
Drying Oils), and therefore do not gum (sec Guranung), but they decom- 
pose and generate fatty acids which corrode the metal work with which 
they eomo in eonbiet, and prmluee also residual deposits (see Glutting). 
Of the anim.'il oils, sperm and tallow are those most largeby used, and 
when obtained pure, are excellent types of lubricants or light and 
h^'avy body (see Body) respectively ; but the tendency is now rather 
biwards the employment of compmind oils (<l v ). 

dnlmal Power — Vanes with the mode of its apjibcation, audits period of 
duration. It is estimaU'd as units of work (q.v.), or as a definite task 
prolonged thiough a di'fimte time 

Annealing — Tlio subji'ction of mati'rials which arc either naturally 
brittle and non-elastic, or which have been rendered so by necessary 
processes in their manufacture, or by fatigue (see Fatigue of Materials), 
to the action of long- con tin iiocl heat, the cttect of such heating being 
to rearrange the ultimate molecules. The material thus becomes more 
homogeneous and tougher, and consequently better able to withstand 
strain and shock than it was previous to annealing Steel castmgs, 
hammered woi ks, old ehains, and rods which have bt en a long time in 
use, and a multitude of other articles are subjected to the annealing 
process Plates and bars newly rolled, and whoso fibrous condition has 
therefore never depreciated or been subject to strain and fatigue, ore, 
on the contrary, subje(*t to a dimmution of tcmsile strength by anneal- 
ing. llonco the piopiTties of homogeneitv and ductility are in most 
iustancos obtained by a direct sacrifice of rigidity and tenacity. See 
also Tests. 

Aanealing Oven — A scn-tion of a crucible cast-stcH)! melting funiaoe, in 
which the crucibles are slowly baked afk*i prelimmaiy^ fil ing One 
end of the melting house is provided with rectangular ovens or eliambers 
of fire brick, each holding from twenty to thirty crucibles, which have 
been previously dried and seasoned. ITie crucibles are placed moutl^ 
downwards upon fire bars covered with fuel, and their interspaces 
filled up with small coke They are then slowly raised to redness, and 
afterwards allowed to cool to a black or low red, previous to removal 
to the melting holes. The term is properly applied to any furnace 
used for anneahng. The 'wheels of railway cars are, m America, made 
of chilled oast iron, and are cooled m annealing ovens or pits of various 
forms. 

Aunealixig Pots.— Pots of wrought or cast iron, or steel, varying in ^e 
and shape with the work whi<i requires annealing, thoir function being 
the preservation of plates, sheets, Acc , from the action of the atmo- 
sphere during the process of anneahng. They are run mto an annealing 
fumaoe, and exposed to the action of the neat for several hours or 
days. The pots are hermetically closed and properly luted to preserve 
the contents from oxidation. Plates of malleable iron are annealed m 
pots measuring 10 ft. in length, and 3 ft. 6 in. in width, and 5 ft. C fii. 
m depth ; iron ^eots in pots much smaller. Plates remain in the 
furnaces about 24 hours, and are then 'withdrawn and allowed to cool 
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dit«^g a period of four days, still, however, protected from the air. 
Article m maUeablo oast iron are annealed in cast-iron cylinders about 
12 in in diameter, by about 16 in high, fitted with loose covers. 
Ijumal Bings. — The circumferential layers of w'ood seen in a cross section 
of timber, and which represent the yearly additions to the woody 
fibres. In good timber the rings arc narrow and closely parked, in ui- 
f^nor timber they are wide and open, estimated of oourse relatively to 
the charaetcnstic and normal growth of the particular timber under 
consideration 

Annular Engine. — A steam cn^ne, the cross 8c<*tion of whoso cylinder is 
that of a ring, the piston l>eing also annular m plan. Being of tins 
form, therefore there arc two eylmders, the outer or working one, and 
the imier cylinder, within which works the crcss-head to which the 
lower end of the connecting-rod is attached Tlio connecting-rod 

passes thence upwards to the crank overhead. The communication 
between the piston and the cross-head is made by two rods passing to 
prolongations of the cross-head above The advantage of tins engine, 
w hich was designed by Maudslay, is the possession of a long connecting- 
rod m a restricted space. 

Annular Gear. — Circular racks, curb rings, &c , with th(*ir pinions. 
Annular Beating. — A seating nng-shaped m plan, upon which a circular 
pump valve rests. 

Axinular Valve. — A circular disc valve which rests upon an annular seat- 
ing, and which is therefore a lift valve (q v ) 

Annular Wheel. — A cog-wheel whose teeth are fixed to its internal 
diameter , called also an mternal wheel An annular wheel always re- 
volves in the same direction as that of its pinion 
Annular Wind Engine.— A windmill (q v ). 

Anthraoitio Coals. — Hard lustrous non-caking coals, nch in carbon, 
dcH'rcpitating and burning with difficulty, retpiinng a strong draught 
for perfect combustion, but giving out an intense heat They consist 
almost entirely of free carbon, and their sp gravities range from 
1 .'Jo to T92 Pure anthracite is the hardest coal known, is of a deep 
black colour, brittle, and clean to the fingers. The anthracitic coals 
so chilled embrute many kinds approaching to tlie qualitii's of pure 
anthracite, but possessing tbo caking property in slight degrees. 

^ Anti-fouling Compositions.— See Incrustation 
Anti-fnetion Grease. — A general term applied to mixtures of tallow, 
palm oil, plumbago, and other lubricants 
Anti-friction Metal. — Babbitt’s metal (q.v ), or white metal (q.v ), used 
for lining the steps and hearings of sliafts and axles, and the faces of 
slide valves and similar moving parts So called because of its low 
coefficient of fricbon (q.v ) The term “white brass” is sometimos 
applied to anti-fnction metal. 

Anti-friction Motion.— Motion, the amount of whose friction is reduced 
to a minimum by the employment of special mechanism, or of superior 
lubrication. 

Anti-friction Boilers. — Freely revolving, or live rollers (q.v ), which sus- 
tain the pressure of a revolving spindle or shaft The crank axles of 
foo^ lathes, and the sjnndles of some light running machines are often 
• fumi^ed wdth bearings consisting of such rollers, 

Anti-Incrustation. — Helatee to the remedies employed for preventing in- 
omstatioii (q-v.) in steam boilers. 

Antimony. — Symbol Sb. comb, weight 122. Sp. gr. 6*71. A bluish white, 
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very brittle, and readily fusible metal, whose value consistfl in the 
hardness which it imparts to certain alloys of tin and lead, formiftg 
white metals The presence of antimony m wrought iron is injurio^is, 
proportions so sinutl as 0 3, or 0 2 per cent prfxlucing both cold 
shortness (q v ) and rod shortness (q v ) 

Anti-priming Pipe. — A pipe attached to the steam supply within a boiler. 
It IS fiiniislK>d with a perforated plate occupying its transverse section, 
from whu’h th«* spray driven upw'urds by the steam is thrown ])aek into 
the lK)il(’r instead of mingling with the steam in the supply pipes. 
S (‘0 riimmg 

Antiquarian —A drawing pajier of very excellent cjuality, measuring 
63 in. by lil in It may be obtained either unmounted, or mounted on 
brown lioll.md 

Anvil. — The block u|m)ii wliu b the operations of smith’s work are per- 
formed 7’1 k' ordinary ainil is of wrought iron, faced on its upper 
portion with hardened sti el about half an inch in thiekness Snutns’ 
anvils weigh from one hundredweight npw'ards For some special 
classes of work anvils are matie of cast iron, either chilbnl or fared with 
cast stei'l Small 8tc*el an m I s of a few pounds weight only are also 
made for houeh use 

Anvil Block. — A massive hhK3k of east iron whuih is phaced beneath the 
anvils of steam and other h(*avv hamimn’s, and whose mass absorbs 
much of the vibration due to the blows It is embedded m masonry or 
on oonorcto, or is laid on piles 
Anvil Chisel. — See Anvil CutttT 

Anvil Core. — The main body of a smith’s anvil, to w'hich the comers and 
beak are welded 

Anvil Cutter, or Anvil Chisel — A chistd-like tool or tx't, provided with a 
shank for fitting lof*soly into the stjuare hole on the faeo of an anvil, 
the cutting edge being uppermost. Iron rods and bais are laid across 
this, and nicked and cut off, both when hot and cold 
Anvil Head. — The upper poidion of the body or coie of a smith’s anvil 
Anvil Stand. — The squaie cast-iron frame which supports a smith’s anvnl. 
Aperture. — Specifically, denotes the extent of area of a dischargmgonfice 
(q V ), or inoutlipiecc (q v ) for liquids 
Apex.-— The summit of a cone, pyramid, or conical figure genera^. In 
engineering, it signifies the points of the triangles in a lattice, or Warreif 
girder, or those portions of the biaccs which mteiseet with the flanges, 
either at top or bottom. 

Apple Tree (iVi n.s tna/us) — A tree of the natural order Romcea;^ sub 
oi*d(T RorniC It pioduces a fine, dose, straight-giainwl, hard wo<d, of 
a reddish hrowm colour Its chief use lu engiiuvniig is for the cogs of 
moitiee wdieols, for which, when thoroiiuhlv seastjned, it stands unri- 
valled The erab apple is mostly used Sj) gr. 73. A cubic foot 
weighs 46 6 lbs 
Appolt Oven. — See Coke 

Apprentices.— Are usually bound until the aijreof 21 vt commencing at 
14, 16, or If), seldom later. The .ippventicesliip system is notumv^ial, 
many of the best Anns refusing to take tiiem The alternative arrange- 
ment then 18 that a lad shall come into tlie shop, paymg no pxtmium, 
but be taught his trade so long as he contmues to behave himself, aad 
that this ^cit engagement shall be tcrmmable at pleasure on either 
side Actually the lads usually stay out the ordinaiy term, and re- 
ceive the ordinary wages , they behave better, learn their tradea more 
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fapidlj', and often receive substantial additions in the shape of piece 
•rork balances. This system is therefore far preferable to the hard and 
fast e_4jragement8 of the apprenticeship indenture system, 

Approximately. — A word in iroquent use when describing; the capahilitioa 
of machines, and their dimensions, and also spccitioally, their shipping 
weights (q V ) In many mstanoes, strict exactitude, if not actually 
imiKisHiblo of attamment, is either not requisite, or could only bo at- 
tained by an expenditure of trouble out of proportion to the value of 
tlie results 

Apron — The \crti(‘al fixmg in the front part of the slide rest of a screw- 
cutting lathe which carries the clasp nut bpv ) The tenn also desig. 
nat(*a the vertical slide of a punching or sneanng machine See also 
Breast Plate 

Arbor — A small shaft or spindle. 

Arbor Chuck. — A lathe chuck used for turning the outside diameters and 
faces of cylmdneal work after the hole has been just bored, the hole 
fitting over a mandrel or spindle which insures concontncity of outer 
and inner diameters Engmeers usually term arbor chucks, mandrels 
simply ; hence the term expanding mandrel (q.v ) 

Arc. — 'Ino arc of a circle is any portion of its circumfercnoo. 

Arch. — A curved structure designed to resist external pressure. 

Arched Beam — A beam whoso shape is that of an arch. Used for tlic 
8upj>oi*t of roofing 

Arch Head -Tlie ends of the tmilier beams of those pumping-oiigiiU H 
whn'h were constructed previously to the introduction of parallel 
motions (q v ) Tlie ends of the beams were simply struck to a radius 
around wliicli the chains attached to the piston and the pump-rt^ds 
a( comuKsdaUHl themselves 

Archimedian Drill, or Persian Drill — A dnll stock whose shank is 
formed into a quick multiple thread, over whicli a nut, to which a 
handle is attached by means of a hinge, slides freely By the sliding 
of the nut up and down the thread the shank is rotated from loft to 
right, and from nght to left alteniafcly—tho motion of the dnll being 
therefore of a rec iprocal chara(3ter Pressure is applied to a knob at the 

end of the shank ThisdnU is suitable only for light work, centenng, 
model making, 4e 

Arch Joint. — The joint plates of a rule which are hollowed into the form 
of an arch 

Arc of Approach — In toothed gearing, is that portion of the arc of 
contact (q V ) along which the fiauk of the dnviiig- wheel is m contact 
with the hu e of the dnven wheel 

Arc of Contact — In toothed gearing, is the space included bt?tween those 
two pomts whe^ro the contact of a single pair of wheel teeth be gins and 
tmds, the measurement being taken on the pitcli line to which those 
pomts are projected The larger the arc of contact the meire perfect 
the bearing of the teeth, and the greater the number of teeth in gear 
at one time In belt geanng, it is the length of arc rru^asuroa in 
degrees, through which a belt is in actual contact with its pulley Thus 
an arc of contact of 180 ® signifies that the belt is m contact with the 
puUejaaround half of its circumference. 

Alii of BaeeM. — In toothed gearing, is that portion of the arc of contact 
(q.v.) through which the face of the driving-wheel acts upon the flank 
<n the driven wheel. 

An Piteh. — ^The pitch of wheel teeth measured between the pitch points 
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around the arc of the pitch line, as disting^uished from chord pitch 
(q.v,). • 

Are. — A French measure of surface, being equivaleDt to one hundred 
square metres, or one square decametre. Its English equivalent is 
1076 41 square foet. See Centiare 

Area. — The superficies, or superficial extent of a figure. Knowing the 
bounding dimensions of any figure, the area can be calculated there- 
from by simple mensuration. There are certain relations subsisting 
between the areas of figures which it is convenient to rememlxjr 

Arj^laoeous Iron Ore —See Clay-band. 

Arithmetical Mean —The number which is equally distant between two 
others. 

Arithmetical Progression.— See Progression. 

Arm. — A term signifying a rod, or a radial bar of metal Thus we Bjicak 
of the arm of a lever or of a wheel. 

Arsenio. — Symbol As comb weight 74 9 A non-metaUic substance, 
though closely allied to the metals, whose presence m small quantity 
in iron is valuable for the purpose of chilling (q v ) It likewise in- 
coreases the hardness of steel, though diininishing its toughness Arsenic 
in combination with oxygen ns arseiuous acid Asa Oj is a bye product 
also in some smelting operations. 

Articled Pupil — See Pupil 

Artificial Grindstone — St5e Grindstone. 

Artificial Seasoning. — Timber is seasoned artificially by exposing it in 
a suitable chaml^r to a current of hot air, delivered either from a fan, 
or by a natural draught ISmall blocks can be roughly and quickly 
seasoned by Inulmg them in water for two or three hours, and then 
allowing them to dry 

Asbestos. — A mineral compound composed chiefiy of sihca and magnesia, 
existmg as varieties of hornblende, augite, and serpentine The com- 
mercial asbestos comes from Italy and Canada It is a silky, fibrous 
substance, owing its value as a heat-resistmg body to the presence of 
sihca. It is us^ m various preparations for malang the steam joints 
of flanges, as jrorn for glands, and as grease for lubrication. For the 
latter purpose it is made into a paste and termed asbestolme. Although 
but a few years have now elapsed since its introduction for these pur- 
poses, it is rapidly supplanting the hempen and other forms of pacing, 
and the millboard hitherto m use. 

Ascending Boom. — See Lift. 

Ash {Fioxinus excehvor). — Sp. gr 0*84. Alight-coloured, coarse-grained 
wc^, employed for the spokes and felloes of whe^, for smithes 
hammer-shafts, for Uie rings upon which the cleading of boilers is 
fastened, and generally in work requiring great flexibility combmed 
with moderate strength Ash becomes more brittle with age. Its 
ultimate tenacity averages about 17,000 lbs. per square inch of croas- 
section. A cubic foot weighs 62*4 lbs. 

Ash Fan. — ^A pan placed underneath the furnace grate or firebox in 
boilers of the portable type, to recei\e the falling a^es. 

Ash Pit* — That portion of the furnace of a stationary boiler lying below 
the fire bars, and immediately in front of the furnace doors, ^hich 
zanslves adfee that fall through the bars, and through which much q| 
the draught necessary for combustion enters. 

Aih Plate.— A term sometimes applied to the back ^ate of a boiler 
furn ace . 
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Tertioal framing shaped aa ita name implioB, and naed aa 
in attachment, either singly or when placed in pairs for the parts of 
nnmpe and en^es 

Auaa Dimwing Paper. — A drawing paper measuring 33 J in. by 26 in. 

Atmosphere.— Set) Atmospheno Prt‘8Hure 

Atmosphene Engine. — See Single-iutmg Engine. 

Atmospheric Gas En^ne.~St‘t' fias Engine 

Atmosphene Line. — The line on an indit ator thagram which divides the 
steam ai\^a nlKivo from the vaomim area lM:‘h>\v, and uhich corresjKmds 
with the height of the pointer Ix^fore the indi<’ator-eock is opened 

Atmosphene Pressure. — The preftsuro of the atmosphere is a vital factor 
in aU quehtion-i relating the prensures in engme cylinders, pumps, 
&c 'Hie haromotiT is tlie instrument by whu'h it is moasuiYKi. Engi- 
neers also measure the amount of atmospheric pressure present in con- 
densers, ls)ilers, engine eylmders, &e , by means of the vacuum-gauge 
(q v }. Its pressure is equal to H 7 lbs. at sea level, equivalent to that 
of a column ot m(‘rcury at 32^^ ¥ ,29 022 in. high, or a column of water 
at 62^ F ,33 9 ft high 

Atmospheric Pump.— See Lift Pump. 

A-truss.— A mof truss whose outline is that of tlio letter A spread out It 
18 either a sinq^lo truss, consisting of two rafters and a tie b^am only, 
or it is a braei'd truss 


Attachment Screw. — A screw employed for fastening portions of moi'han- 
ism together, m contradistinction to adjustment screws (q v ) and guide 
screws fq v ) 

Auger.— A wood-boring instnimont of large size for liolt holos. Augers 
an* eitlicr “sbeU” or “twisted,’* the fonner being the stronger, the 
latter bonng more accurate ly 

Australian Copper.— Copper pyrites (q.v.) and malachite (q v ) iiniiorted 
from Australia, 


Autogenous Soldering.— Tlie union of metals effected without the inter- 
vention of solder, by the mere fusion of the surfaces m contact. See 
Burning on, Welding 

Automatic.— An action or movement is said to be automatic when it is 
effected witliout the direct intervention of the hand, being due to some 
special portion of the machine designed to effect that action or 
movement. See Automatics in App. 

Automata Expansion.— EApansion (q v ) of steam effected by the gover- 
nors of an engine, the grade of expansion being diminished when 
mcreas^ work is thrown upon the engme, and vice vered. The advan- 
tages of Its employment are ec.onomy of working, regularity of motion 
the maintenance of the fuU boikr pressure m the^hnLrs. * 

Autoutic Expansion Gear.— The arrangements of gear by which auto- 
matic expansion (q v.) is effected. ® ^ 

enpnes are usually provided for the supply 
Its pumps m 

Manding idle. A^iUary parts are earned to aea in caae (5 b^- 

Av^lnh^ awue-Eower.— S^ Horse-Power. 

^ the EngUsh system of Weights «id 
and the pound are units. The pound is 
w part of the weight of a gallon of distilled water taken at 62® R 

*oa Ii*7 barametno pressure. The pound is also equal to 7,0(10 teoy 
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Tlio various weights and measures are arbitrary quantities 
Eaving no mutual inter- cle]>endcnco as m the metric system fq v ) 

Axa. — A wood-eutting tool whose cutting edge if parallel with the axis 
of the handle, and whose bevels or cutting angles are symmetrical on 
each side 

Axial Pitch. — Tlio pitch of a screw or helix measured in a direction 
parallel with the axis The term is specially applied to many threaded 
screws, to distingmsli the pitch of a single helix only, from that termed 
divided axi'd pitch (q.v.J. and from noimal pitch. 

Axis. — Signifies a centeal Imo considered in relation to certain geometrical 
or mechanical relations. The axis of a cylinder or sphere is the right 
Ime which passes through the centre of all the correspondmg parallel 
sections of the same. The axis of a parabola, ellipse, or hyperbola 
likewise divides the curves symmetrically. See also Axis of Sym- 
metry, Neutral Axis 

Axis of Symmetry. — An imaginary central Imo around which a sym- 
metrically developed body is formed, and in which the centre of gravity 
is found. 

Axis. — A shaft which carries the driving, travellmg, or truck wheels of a 
locomotive, railway waggon, or trolly 

Axle Box. — TTie complete bearing arrangements for an axle It com- 
prises an outer casing of cast iron with internal adjustable brass bear- 
ings or bushes, and grease or oil chambers The whole structure is 
sustained by springs, and guided by horn plates Axle boxes are called 
oil nxle boxes, or grease axle Ixjxes, as they are constructed for using 
one or the other lubricant Also denotes the outer casting only which 
ooutams the bearings or bushes for an axle 

Axle Grease. — A special preparation used for the lubrication of axles 
Numeixius mixtures are emiiloycd into wdiich tallow, palm oil, sper 
maceti, plumbago, m various propoi tions outer. 

Axle Guard. — See Horn Plate. 

Axle Keep.— See Keeper. 

Axle Wad.— A washer of papier-mache, or of wood, placed in the back 
part of an axle box, to prott*ct the axle from the entry of dust and dirt. 
It is divided across the middle with bevelled edges 


B 


B. — See Beat. 

Babbitting — The process of lining bearings with Babbitt’s metal (q.v.), 
or with white metal 

Babbitt’s Metal — An alloy used for Iming the bearing parts of engines 
and machines W’^hieh are subject to much friction There are many 
inferior kinds of such motel sold, but the proper composition is as 
follows; 4 lbs of copper, 12 lbs of Banca tin, 8 lbs regulus of anti- 
mony, and 12 lbs. more of tin while the mixture is in a molten condi- 
tion. Pour the antimony mto the tin, and mix with the coj^er in 
a separate pot off the fire This is termed the hardenmg, and 
actual lining metal is composed of 1 lb. of this mixture to 2 lbs. 
Banoatin, so that the final composition is 4 lbs. copper, 8 lbs. regulus of 
antimony, and 96 lbs. tin. 
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Bidt BalMoe. — A circular disc or pUte, formerlj much unod, and still 
fjmployed to a limited extent in tno engines of rirer and o^er alow- 
nmning steamers, for assisting the reversal of tho ocoontne for forvmd 
or backward gear. The eocentric is loose upon its shaft, and the back 
balance disc maintains it in equilibrium against tho oab'bos or stons. 

Back Centra. — The pivot or det^ oentro upon which the back or end 
of the mandrel of a lathe headstock runs. 

Back Cut-off Valve. — A sliding plate, moving on tho bat^k face of tho 
main slide-valve of an engine for tho purpose of regulating tho point 
of cut-off for the steam, and by which its grade of expansion is 
governed. It is woiked indcjs'iidently of tho mam slid(' from a separate 
eocentric, and is usually made capable of adjustment relatively to the 
steam passages m the mam slide. 

Back Finng — The of a jKirtion of tho gaseous charge of a |^s 

engmo it the ports, lliia is prevented by the rajiid closing of tho slide 
immediately after ignition. 

Back Gear — An arrangement of toothed wheels by which the power of a 
driving-belt is proportionally increased The term is understood as 
applying to lathes for metal- turning, and to drill mg and other machines 
of similar character. Taking it as it occurs in tho lathe, the mam or 
driving mandrel is hollow, and while its outer jxirtion or quill A carries 
tho dnvmg-conos B and a pmion- wheel C, an inner s] incUo D carries 
tho mandrm nose and centres and a cog-wheel E. Tins cog-wheel gears 

’ into a pinion F, similar to the one upon tho cone spmdlo, but which 
runs upon another or bock spindle G, set jiarjillcl with tho first. This 
second spmdle also camos a wheel H similar to tho one E upon tho 
mandrel, and working into tho mandrel pinion C Tlio wheel and 
pinion on the back spindle arc ngidly comiectoii togetluT, and tins hinder 
spindle 18 capable of receiving a backward movement to throw it out of 
gear. Wlien out of gear the larger wheel E on tho mam mandrel is 
coupled to the cono pulley B on tno quill, and tho latlio is driven only 
from the belt, in a direct inannor. But when the cone jiulloy B and the 
mandrel wheel E are uncfiupled, and tho wheels of tho back spindle are 
thrown into gear, tho lathe is drivim through tho cones B to tho pinion 
C on tho qiiill, thence to the wheel H on the back spmdlo, and through 

^ its pinion F l>aek to the wheel E upon the main mandrel. Tho power 
gamed is caleulaU d 1 j taking the prodm t of tho number of teeth in 
the pinions and of those in the wheels, and dividing tho latter by the 
former. Treble back gear is made use of for some lathes of special 
construction, where very slow speeds and great powers are required. 

Back Gear Eccentric.— See Backward Eccentric 

Back Guys* — The timbers which connect the tops of the masts of derrick 
cranes (q v.) with their sleepers Also tho hmder ropes or chains of 
shear legs 

Backixig Oft — ^The cutting or bevelling away of the hinder or “leaving ” 
portion of a screw tap, in order to allow the “entering'' or outlmg 
part to work more freely. The effect of backing off is to reduce the 
amount of Motion and consequent ending between tho sides of the 
tapped hole, and of those portions of the tap which do not actually cut. 

BackingfOut. — ^The running back of a tap or me after tho thread has been 

Baaklaik , — ^The backward su^ of a pair or of a train of toothed wheels 
when the driving pressure Is variable in amount. Its amount is equal 
to the “otoonuioe ** aUowanoe between the flanks of the teeth whic^ 

• • O 



DICTIONARY OF TERMS USED IN 


are in gear. Exccsflive backlash should be avoided as causing shook 
and producing^ much noise. Its remedy is minimum of tooth clearante 
and regular running 

Back Link. — The second link which is attached to the beam of a beam 
engine, or between the mam link (q v ) and the centre of the beam, in 
the arrangement of levers known as parallel motion. 

Back Plate. — A plate of cast iron bolted agamst the back or outer edges 
of the bars of moulding boxes which have to be put in the foundry pit 
for casting vertically. The purpose of the employment of back plates 
is to prevent the pressure of the head of hquid metal from forcing the 
sand outwards, and so allowing the metal to run away from the mould. 

Back Pressure. — The pressure on the piston due to the steam left in the 
end of an engine cylinder and m the exhaust passages on the com- 
mencement of tlio return stroke, and which offers a certain amount of 
resistance to the piston. The amount of back pressure can never be 
loss in non -condensing engines than the atmospheric pressure, nor in 
condensing engines than that of the imperfect vacuum present m the 
condenser It is always more than these because of the friction^which 
the passages oppose to the steam ; hence passages should ho short 
and direct, if long and tortuous they injuriously increase the back 
pressure. The amount of bock pressure should not exceed from 2 to 3 

S ounds per square inch, reckoned above the atmosphere in non-con- 
ensing engines, and above the vacuum-gauge in condensing engines 
Also termed counterpressure 

Back Pressure Valve. — A valve which is used for preventing the reflux 
of fluid or liquid in a pipe Hence it is a retaining, or foot valve (q.v.). 
When applied to a steam boiler it is termed a check- valve (q v ) 

Back Saw. — ^Any saw whose plate or blade is stiff cued witli a metallic 
back Tenon and dovetail saws are back saws 
Back Shaft. — The shaft which runs at the rear of a self-acting Intlie along 
its whole length, and througli which motion is transmitted from the 
hoadstock to uio slide -rest It is used for sliding and surfacing only, 

and 18 capable of reversal for truversmg the saddle up or down. 
Reversing Motion 

Back Stay.— See Back Steady Rest, 

Back Steady Rest. — A lathe traversing rest, distinct from the dide rest, 
used for the support of long shafts, imd of slight cyluidrical pieces df 
work generally which are bemg turned up A common form consiste 
of an mtemal bearing or angle block attached to a vertical earner or 
bracket, the bearing being amusted both above and behind the shaft eo 
that the latter lies in its angle. The bracket is bolted to the saddle of 
the slide rest, and travelling therefore with it, follows the cutting tool 
and provides a constant support to the shaft immediately behind the tool 
where the tendency to spnng is greatest dunng the turning process. 
Also called a back stay , or back folio wmg stay , or following steady. 
Backward Eccentric,— The eccentric which opens tlie slide-valve to steam 
supply when its engine is required to run backward. Also called back 
gear eccentric. 

Backward Ghear. — An engine is said to be in backward gear when the 
relative arrangement of occcntncs, slot links, levers, and rod# is su6b| 
that the ongme will on the admission of steam, run backward. ^ 
Baflia Plates, or Bafflers. — Plates of metal so disposed in the fire-boxes 
and flues of steam boilers as to throw the flame and hot gases a^^ainst 
the snrlaoee most suitable for the eopnomio and complete gvmeratum of 
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steftOi — tliat is against the best beating surfaces. Also a plate of tbin 
•dbeet iron attached at a little distance away from tlie inner face of a 
furnace door to admit air above the ftrt\ the air entering through a re- 
Yolving or sliding gnd in the dfK>r Tlu> uho f)f the ]>lato is also to 
prevent burning and buckling of the dcHir, the eftieuaiey of tlio protec- 
tion liemg due to tlie mterposiUon of the film of air between the door 
and the baffle plab' 

BaAert. — So<;» Baffle Blates. 

Balance. — In onlor that l»odies Hhoiild hiilanrr (*{ieh other there must bo 
e<juilibrium or equality of lUMint'nt^, that i^, the sum ot the forces 
tending to mov<* any b)dy in one direction must be t>qual to Uio sum of 
ilie forces tending turn the l»ody in the ojqioHitt* direction. 

Balance Ball.— A splnneal weight whu'h IS attached to a crane chain 
just almve the hook for the luirjxise of oveihauling it. It fulfils the 
same purjioMo as a pear woiglit (q v ), hut is employed for the smaller 
cranes chi (fly 

Balance Box.— 'Hie 1 k)x whidi counterbalances the load lifted by a 
balance cram> It is usually a cast-iron b(ix loadi'd with small weights 
or “kimtlwlge ” 

Balance Crane. — A crane in which the load is countorhalunced by a 
weight attaeh(xl b) the bill or hinder end, tin' amount of weight de- 
pending on the radius at which the load is lifted, tlu^ length of the tail, 
and the disposition of the irniss of the crane itself Balance (iraiics are 
made lx»th fixtsl and portable, and are worked by hand or steam See 
also Bhxjking Gliders. 

Balance Cylinder, or Balancing Cylinder.— A small steam cylinder at- 
buhed to tin* top of the slide-ehost m some l.irg(‘ m.mn<‘ (‘ngines, which 
performs tlm double function ot acding as a guide to the valve-rod, and 
of relicMiig tho\aUe gear of the weight of the valve and valve- lod. A 
piston moves in the eylindor, and is open to sbain below donvod from 
tlie valve chest and b) the condenser vacuum alnive The valve there- 
fore moves in iqiiilihriura Also a small steam cylinder or cylinders at- 
tached b) tlio botbim cover of large manno engines for the purpose of 
oountenicting the dead weight of tin piston A rexi passes from the 
pisbm of the main cylinder to the piston of tlie balance cylmder, and 
the pressure of steam mtrcMluced underneath the latter is the oounter- 

• balancing agency 

Balanced Crank.— See Bisc Crank. 

Balanced Valve —An rMpulibnum valve (q v h 

Balanced Wheel, — K rapidly rotating wheel which is balanced by the 
turning of its rim true, and by the drilling of holes m or near the rim 
if found necessaiy', that the wheel turns equally free or comes to 
rest in any position indifferently. All high-sj)eod wheels and pulleys 
are, or should Ik', thus balan<5ed The tenn is also applied to a wheel 
which is countcrbalancixl by the addition of a wcigritto a portion of 
the rim which lies opposite to another part with which it is connected, 
such as a crank or euimectmg-rod, its function being to balance or 
counterpoise the weight of the crank or oonnectmg-rod. 

Balance —See Siwmg Balance 

Balanca weight. — (1 ) The weights plac<*d in the dnving- wheels of locomo- 
itives are termed balance weights. (2) A weight slid over the end of a 
lever and attached thereto a set screw, its use being to counter- 
balanoe a moving part. The fnnctiou of the weight is not always that 
of ocMinterbaiancing merely, hut also in addition the lifting of the 

• % 
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worldug part— the lever, drill, brake, chisel, or whatever it may happen 
to be — out of or away worn its place without the intervention oi 
workman or attendant (3) Applied generally to any weight used as a 
counterpoise, such as on the driving-wheel of a foot lathe, or on a 
crank, or on reversing gear (4) Also the small weights put into a 
balance box (q.v.). 

Balanoing — The removal of irregularities in weight from those portions 
of a revolving l>ody where it is m cxochh, m order to equalise the 
strains upon it duo to momentum and centrifugal fori'^e Hence 
rapidly revolving pulleys and wheels are, where possible, turned aU 
over. Wlien tliat is not practicable they are hung on a free spindle, 
and the weight of the heaviest sides reduecsl m sueoession by <mlhng 
out holes, or in other ways removing superfluous metal. Such a jiuUey 
or wlieol is then said to be balanced Another mode of balancing is 
when a balance w eight (q t ) is atbudied to a driving or a fly-wheel, 
to counterbalanee till niassof a crank, (»r an eccentne sheave, or similar 
projecting portion on the axle All gocsl mechanism and rapidly 
refolving jiarts are thus halaneed. 

Balancing Cylinder.— A halanee cylinder (<i v ). 

Balk. — A squared log of timher 

Ball. — The m.iss of spongy puddled iion which is just ready to he with- 
drawn from a puddling furnace to he passed to tlie stpieezers or ham- 
mer, as the ease niny be. A puddled ball wi'ighs from 60 to 80 pounds 

Ballast. — The foundation for permanent way hud on the formation level 
(q v.) It IS ahout 1 ft 7 in in depth, and is vanously composed of 
gravel, shingle, hroken hriek, luimt clay, or slag. It requires to he 
hard, to allow of the passage of rolling stock witliout the crushing of 
its mati'rials, and well drained and porous to prevent the accumulation 
of water. Tlie material which is placed in the hahincc box of a balance 
crane is also called ballast It may consist of iron balance weights, or 
blocks of stone, or masses of rubble or straj) iron. 

Bailer. — The w'orkmau at the balling or reheating furnace (q v ). 

Balling. — See Balling Up 

Balling Furnace. — The puddling fumswje in which the process of balling 
(q V.) is ]K*rfonnod 

Balling Bp, or Balling. — Tlie last stage of tlio puddling process in 
which tlie pasty mass of iron is gathered together m lumps or balls on» 
the furnace IxhI, being suflieiently self-colierent to be rolled towards 
tlio bridge of the furnace, to be withdrawn through the working door 
for subsequent shingling 

Ball Joint. — A universal ^oint, sometimes employed for piping The 
globular end is retain td in its hollow seating with a gland screwed over 
it. This form of joint is used with the connections of centrifugal and 
other pumps 

Balloon Boiler, or Haystack Boiler. — A squat circular vertical boiler of 
large dimensions, w itli a hemispherical crown. It is fallen nearly mto 
disuse. 

Ballooning. — The lifting up of the flne impalpable mud and scale in 
steam boilers to tlie surface of the water by th^ ebulbtion of the bubbles 
of steam. In large boilers, scum troughs (q.v.) are provide<yor the 
collection of this sediment. ^ 

Ball Pane.— See Pane. 

Ball Valve. — A lift-valve of globular form which doses an annular seat- 
ing. It is employed in quick-running force pumps, and its advantage 
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conf^sts In the faet that as it continually shifts its position on its axis 
Its wear is nearly uniform. It is enclosed in a cage open on four 
sides, the cage being sufficiently high to permit the requisite amount 
» of lift, the internal height of the rage limiting the lift of the ball. The 
cage consists of an uj)per and lower portion, which ore screwed together 
after the insertion of the ball. 

Banea Tin. — Straits tm (q v.). It is sold in blocks weighing from 40 Ibt 
to 120 lbs each 

Band. — term which taken in its strictest sense desi^atos a flat belt^ 
though both terms arc loosely applied in a geucnil way to the cords 
and l)olts used for driving purpoMcs See Belt 

Banding, or Bonding. — The embraemg and securing of the lagging (q.r ) 
around steam cylmdors and boilers with broad bunds of shoot brass or 
of hoop iron. 

Band Pulley. — See Pulley 

Band Saw. — An endless saw running on revolving pulleys, and used for 
cutting curved work both in wood and iron. A tension apparatus 
foither a spring or a weighted lever) maintains the saw at its proptT 
degree of strain, and a canting table allows ot the work being sawn 
either square or upon the bevel Baud saws vary from ^ in. to 
4 m. and 6 in. m width, and travel on an average at the rate of 4,000 ft. 
per mmute 

Banjo Prame. — A bow conn«'cting-rod (q ▼.). 

Banking Up. — (I ) The l>eating doN%Ti of grei^n exial (n v.) around the central 
portions of a smith’s fire, or around a piece of forging laid therein 
(2) The covering up of the fire of an engine l>oilf*r in order to ohtHik or 
moderate the lonnatiou of steam for a time, either lieeaiiso .ho 
engines have to bo slowed down or stopped for a while. Banking up 
IS effected by pushing the fuel back towards the bridge (i^ v.) and 
covering it over witli small coal, wetted and l>oaten down. 

Bar. — (1) The bridge of metal which separates a valve port or steam 
passage from its adjacent port m the valve faces of steam cylinders. 
Also the similar bridges in double and treble ported slide valves. The 
thickness of the port bars is of little importance, if the slide valve is 
accommodated thereto, but they commonly measure a tnflo more than 
the thickness of metal l>etwe'en the passages. (2) Tlio flat or r^uind or 

• other sections m whu h wr^iught iron and steel are sold They are 
described under tlu ir speciflo names The bars are brought to their 
required shape by rolling. (3) The stays or bridges in foundry mould- 
ing boxes which afford support to the sand enclosing the pattern 
Vertical or cope bars as a mfo have their edges l^t J in. away from 
the pattern, and | in. from the joint of the box. Plat or drag bars do 
not follow the outUne of the pattern, being used m the bottom half of 
the mould or in the drag-box. Bars are purposely cast as rough as 
possible to ensure the adherence of the sand, which adherence is 
further assisted by washmg them with clay water, and also frequently 
by hanging lifters (q.v ) from their top edges. 

Bar Clamp. — A tool for the purpose of damping or squeezing closely 
together long timber joints, wnich are glued or do welled, the jaws of 
the damp ojierating on the outer edges of the wood. It consists essen- 
tially of a long bar of iron of rectangular section, having a fixed head 
or jaw at one em^ carrying a square threaded pinching screw and a 
movable head or jaw sliding along the bar, and capable of bemg set in 
any podtioii at distanoee of from2 ia« to 4 in. apart means (n apln^ 
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or of ratchet teeth. The movable head being set in the approximate 
position required for various widths of board, the pinching up of t^ 
clamping screw in the fixed head affords the necessary degree of 
pressure. 

Bare. — A workshop term which signifies that a dimension is very slightly 
under a definite size In most cases it will mean a difference so ^ght 
as to lie unappreciablo by a rule measurement, and only to be detected 
by calipers or gauge A lu or a 7 ,V in. is a definite dimension, but 
“ bare ” would signify something less than this, or say the difference 
between a slack and a drivmg fit 

Barffed — ^Ironwork which has undergone Barff’s process (q v.) is some- 
times said h) be ])/irffed Thus tlie iron plugs of plug cocks so treated 
are termed “ Baiftod plugs ” 

Barff’s Process. — A patt'otml process employed for the protection of the 
surfaces of iron fioin lust, cff(‘ctcd by artificially coating them with a 
film of magiu'tic oxide Tlie iron is first heated to redness, and steam 
is then passed over it The iron decomposes the steam, hberating 
oxygen, which latter immediately attacks the iron, forming magnetic 
or black oxide, FejOi. 

Barker’s Mill. — A piece of mecdianism which illustrates the power of the 
reaction of water. It consists of an upright tube to whose lower end 
two Lonzontal tubes, set opposite to one another, are attached, open- 
ings being provided therein near their ends and in the reverse direction 
to one anotner When w^ator is poured into the vertical tube it issues 
from the side openings in the horizontal lubes, and drives the mill round 
in a direction contrary to that of the effluent water. See Tin bine. 

Bar Lathe. — A lathe whoso bod is made m a single piece, usually of a 
triangular section, one side of the tiiangle being beneath and hori- 
zontal Used only for lathes of light construction. 

Bar Mill, — A rolling mill where rectangular iron bars are manufactured. 

Barometer. — An instrument used for meaburing the pressure of the at- 
mosphere It consists of a glass tube containing mon^ury, and standing 
in a vessel containing mercury, so that while the atmosphere presses 
on the surface of the mercury m the vessel there is nothmg above 
that in the tube save its own vapour, the amount of whose pressure 
is disregarded The height to which the mercury rises m the tube is 
called the height of the bai'ometer It is used for comparison with th& 
vacuum-gauge (q v ) in order to ascertain the amount of perfection 
existmg in the vacuum present in the condenser of a steam-engine. 

Barometric Preseure. — The amount of pressure of the atmosphere as 
measured by the barometer It is measured m atmospheres, and 
fractions of atmospheres The pressure of a single atmosphere is 
equal to 29 905 in of mercury at 32° F at London, or 14 J lbs 
on the square inch, or by the metric system, 7 00 millimetres of mercury 
at 0° 0. at Paris, ©(luivalont to 1 033 kilos per square centimetre. 

Barrel. — (1) The body of a pump within which the piston moves (2) The 
cylindrical shell of a locomotive or portable engine lioiler (3) The drum 
or cylinder around which the eham is wound m hoisting machinery. 
Barrels are either plain or grooved spirally, and the grooves may either 
be made to take the fiat of alternate links or the links oonti^uously, 
but lying at an angle. ^ 

Barrbig Sii|^e. — ^An engine used for the initial turning of larger engines. 

Barrow Laue. — ^A founmy ladle mounted on a low carnage provided 
with two wheels in firont, and bandies and legs at the hmdW pact 

, Used for wheeling melted metal about the fouudi^. 
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iifmr Fomp. — A force pump mounted on a hand barrow for portabflibr^ 
^nd fnnuBhed with hose pipe for suction and delivery. Frequenwy 
termed Oalifomia pump, b^auseof its value in mining and agrioultural 
districts. 

Bar Stays. — Boiler stays (q v.) which are solid rods senwod at their ends, 
as distinguished from tulw stays or stay tiilsis (ii v ) 

Base Circle. — See Fundamental 'Cirele. 

Base Plate, or Bed Plate. — The foundation plate or suppoi t for a piece 
of machinery. It consists usually of a comparativ<*ly tlan plate, well 
stayed and stiffened with deep outer and inner iibs or flanges, and 
furnished with all nwessary faeings for the attaidmuiit of accessory 
portions, and also with lugs for holding or Udtiiig it down. 

Basicity. — Refers to the proportion of mebillio oxide present in, and the 
absence of silicon from a furnace lining, a oindi'r, flux, or slag. Tlio 
fettling (q.v.) of a puddling furnace depends fonts efficacy on its basic 
chiiracter, as does also the mogncHian limt^stone of a Bessemer converh’r 
Basic Process. — The process of Messrs, lliomas & Gilchrist, by means of 
which the pro^phorus and sulphur are eliminaU'd frtmi the pig iron in 
the Bessemer converter. It ooiisists in tho substitutiou of magnesian 
limestone or dolomite, which is composed almost entirely of metallic 
oxides, and is therefore liighly “ basic,** for tlie sihcious ganister which 
is used as a lining m the acid prtKoss (q v ). 

Basie Steel. — Steel produced by the basic process (q v )» 

Basil — A term sometimes applied to denote tho bcvollod edge of a di lU or 
chisel. 

Basket — A small rose or strainer for suction hose pipe 
Bass Scrubs. — Br jshes made of ordinary bass, used liy feltlers for brush- 
ing the sand off castmgs whtai they leave tbo foundiy. See Fettling 
Bastard Cut — A very eoarscdy-cut file, a trifle iiner than tlui rough or 
first cut. In a twelve-ineh basturd-fut flic tlioliius of tooth would 
number eight to the linear inch 

Bastard Pitch. — The pitch of a toothed wheel which is not of a definite 
dimension, but is either over or under an exact pitch. 

Bastard Wheel. — Occasionally used to denote a bevel wheel whoso 
amount of bevel is scj slight that it appioachos very nearly to a right 
angle or to a spur wheel Also ono accommodated to an existing wheel, 

• though not absoluhdy correct 

Bath. — The mass of boiling metal in a steel melting furnace of the open 
hearth type 

Battens. — Sawn pine timber measurmg not more than 9 m. by 3 in. in 
cross section, or not less than 0 m in width , when m sizes less than 
that being termed scantling or cmorttmig , 7 in by 2 in. is the common 
section oi battens. Clet ts are also tenn^ battens Bee Gleet 
Battering Off. — The finishing of the surface of forged work, effected by 
the h^mer while the iron is becoming of a low or black heat 
Battery of Boilers. — Steam boilers arranged in senes, for the supplying 
of power to a laige factory, one or two of tho Ixulers being spare or 
auxiliaiy, for use when either of the others are undergoing repairs. 
Bauxite. — A hydrabjd alumiuoua feme f>xide. It contains about 60 per 
cent, of alumina, 20 per cent, of feme oxide, 15 to 20 per cent, of water, 

^ and Trom 1 to 3 per cent of silica. It is a highly refi^tory body, and 
is used in the manufacture of Bauxite bricks (q.v.). 

Bauxite Brisks. — Refractory fire-bricks used for the Iming of furnaces of 
various kinds. Th^ are made by mixing calcined baui^ with 
^i|y or plumbago. 
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Baj# — ^In a lattice, or a Warren girder, the space included between twe 
^jacent apices is called a bay. ^ 

Bayonet Engine. — A horizontal engine is said to be of the bayonet ^ye 
when the Ixxl-plato is curved round to one side of the crank, tfie 
curved portion carries the bearing for the crank-shaft. This outline is 
by a stretch of the imagfination supposed to bo similar to that of a 
bayonet, hence the term. 

Baywood.--H(‘c Mfihogany. 

B.B. — Sec "Refit, B(‘8t 

B.B.B.— Se(i Rest, Refit, Best. 

Beach Chuck — A common form of die chuck containing three dies slid- 
ing in a hollow cone which is tightened or relaxed upon them Used 
for holding small drills and pie<‘(*R of wire or rod. 

Bead, or Beading. — H) The thiAenod edge of a sheet of metal, thickened or 
turned over to stiifen and strengthen it. (2) An ornamental fill(*t or stnp 
curved around the edge of a casting for the same purpose. (.'!) The 8i*mi- 
oircular termination of the spigot end of a pipe Its function is to form 

a stop for tho mateiial used in caulking (q v ). (4) Anglos (q.v.) and 

hollows ar(5 fnKpu'ntly called beads 

Beaded Tube. — The «'nds of boiler tubes, after being rheted over tho 
tulio plates, are beaded or rounded, for tho sake of appiniranee, with a 
beading tool ((1 v ), lust as nvet heads are finished with a die or snap. 
Tlie process is term(‘a beading 

Beading. — Seo Bcuid, Beadc'd Tube 

Beading Tool.— A tool used by boiler-makers for finishing off tho riveted 
ends of boiler tubes (q v ) Its shape is similar to that of a dnft (q v.), 
except that at a short distance behind its narrow end it is shouldered 
out into a hollow cui*vo which is tho counterpart of tho bead it is 
desiguod to mould on the ends of the tubes. The beading tool is struck 
by a hand hammer 

Bead Sleekers.— Moulders’ sleeking tools, lounded in tho direction of 
their length and also rounded in ^oir cross section similarly to a plain 
semiciroulur iK'ad bent around a cyhnder Used for smoothing the im- 
pressions of beaded work in tho sand moulds Also called bead tools. 

Bead Tools. — (1) Bead sleekers (q v ) (2) Metal turners’ scraping or 

flnishmg tools made hollow, or tho exact reverse of the shape of a 
round-noso tool, and used for finishing tho circular edges of headings. 

Beak Iron.— The eonical-shapod piece which projects from tho end of a 
smith’s anvil. AKo termed beck. 

Beam. — A piece of timber or other material, or a built up structure, 
whoso length is greater than its width or depth, and whose strains 
are those duo to leverage, or tension, or compression. Beams are made 
in a vast viiriety of cross sections, and ore sohd beams or built-up beams, 
symmctrienl or unsymmetrical, semi beams, compound beams, Warren 
and other girders, Ae. The term beam does not necessarily imply that 
the materi^ is subjected to transverse strain only, since a tie-beam 
(q.v ) is only in tension. Tlio term girder (q v.) is understood to refer 
to beams subject to transverse stress, and either resting on a single 
support, as a cantdover, or on both extremities. The term beam is 
applied to so many different kinds of structures, both element.* y and 
compound, that it is always necessary to denote by some specifio ten^ 
the structure under consideration, and under their specific names the 
typical beams in use with engineers will be found described. 

Baam CompaM. — See Trammels. 
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Bmua Engine. — A steam-engpiue in which tho connection between the 
• piston and connectmg>rods is made through a beam whoso point of 
oscillation is set midway between the centres of the two rods Beam 
engines, except for pumping and some special work, oro becoming 
obsolete. 

Beams, — relative strength of. — ^The strength of beams dopouds — their 
cniss-sections remaining tho same — upon tho manner in which their 
loads are applied. Taking tho stiength of a beam supported at one 
end and loaded at tho other as unity, a similar beam having tho same 
load equally distributed would suffer only half tho stress If the same 
beam bo siii^ported at both ends and loaded in tho centre, it will lie 
subject to one-fourth only of tlio stress. If supported at botli ends 
and the load distributed, it will receive but ono-oighth of the stress it 
sustains in tho first instance 

Bean Shot Copper. — Globules of copper obtained by pouring tho melteil 
metal through a perforated ladle into a vessel of hot water. 

Bear. — Sec Punching Bear 

Bearer. — (1) The cheek of a lathc-bod. (2) Tho support or boaring-bar 
which carries the firebars of an engine b<ul(T. 

Bearing.- Tlie supxiort or carrier of a rotating shaft 
Bearing Metals. — Anti -friction and white metals, brass, and gun- 
metals, and the various alloys used fur making or lining tho bearings 
of journals 

Bearing Neck. — Tho portion of a rotating shaft winch is in contact with 
its bearing. 

Bearing Bing. — A rmg welded up from min bar of sejuare section which 
forms tho bearer or support for the firebars iii a vei tical Ixuler, 

Bearing Springs. — The springs which supjiort tho w< ight of an engine or 
truck, as distinguishcfl from buffer and draw-bar springs 
Bearing Surface. — (1) The area of the surface upon winch a shaft rotates. 
(2) The surfaces of beaiing parts which arc in mutual contact The 
larger the total bearing suifaoe the less tho amount of friction jicr unit 
of surface, since pressure is then distributed over a larg«*r area. 

Beating. — A term applied to tho regular tlmdding sound produced by tho 
engmes of a locomotive or a steam vessel 
Beanmontagne. — This term is applied in tho shops to any compound 
* employed for the filling up of holes for purpows of concealraout It is 
applied to the chalk and vannsh compound of the maker, to tho 

white metal of the founder, and to the salamnioiuac slid Ixirings of tho 
fitter As used for fiUmg up blow-holes (cj v ) m castings, it consists 
of beeswax, resin, lamp-black and iron borings 
Beck. — A beak iron (q.v.). 

Bed. — A term of genenil application, as engine-bed (q.v.), coke-bed 
(q.v.), a bas^late (q v) 

Bed Charge. — ^Tne quantity of coke which forms the coke-bed (q.v.) of a 
ouTOla. 

Bedding. — (1) The bringmg of a piece of mechanism to a close and proper 
fit upon its base or &iindabon. (2) Or tho material or structure on 
whicn a piece of mechaniam rests. (3) A seating (4) The laying of a 
piece^of machmeiy on its foundation. 

Bidding In. — ^The simplest method of iron moulding in which tho pat- 
tern, instead of being rammed on eacli side in a jointed 1 k)X and rolled 
over, is laid or embedded in the sand of the foundry floor. The sand 
b ihm tucked in and rammed around and over it. 
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Bed Plate. — See Base Plate. 

Beeoli {Fagui tylvaticd ). — A genus of the order Cupulxfem. A hght- 
Ixrown colour^ wood, hard and close-grained, used chiefly by engineers 
for the cogs of mortice- wheels. Its sp gr ranges from 75 to 85. Its 
ultimate Uinacit^y ranges from 11,500 to 22,200 lbs. "per square inch of 
section. A cubic foot weighs from 46 8 to 53 lbs. 

Bee-hive Oven.- See Coke. 

Beeswaxing —The coating over of iron patterns while warm with a 
thin film of beeswax, for the purpose of importing a glossy skin to 
their surfaces, and thus facilitating their withdrawal from the sand. 

Beetle Head. — The monkey of a jnle-driver. 

Bell Centre Punch. — A centre puiwih (q v.) which is self-centering The 
actual punch is enclosed withm a tube whoso lower end or mouth is 
expanded or taporod downwards, resemblmg a bell This being 
dropped over and embracing the end of a round bar ensures that the 
enclosed punch shall pop on the exact centre of the bar The mouth 
adapts itself to bars oi differing diameters. 

Bell Chuck. — A cup chuck (q.v.). 

Ball Crank Lever. —A lever having two arms which meet at an angle of 
90°, the fulcrum being situated in the meeting point of the angle. 
Employed much in machmo work when motion has to be conveyed to 
rods which lie 90° apart 

Bellied — Curved underneath, th(* depth increasing towards the centre. 
The term is therefore apphod to plated and ribbed portions of machinery 
and structures which have this outline. 

Bellied Core. — See Chambered Core 

Bellied File. — The ordinary taper file (q v ), so called because it is 
rounded very much on its edge, and slightly in the tliickness, so that 
the CToatest thickness is about in the middle Taper files are used more 
for the opening out of small holes than for ordmary flat surface fihng. 
See Hand File 

Bellied Girder. — A fish-Wlied girder (q v.). 

Bell Metal. —A hard, brittle, sonorous alloy of copper 16, and tin 5. 

Bell Mouthed. — ^When the open end of a vessel or pipe expands or spreads 
out with an increasing diameter, resembling a bell, this term is applied 
to it. Also called trumpet-mouthed. 

Bellows. — A smith’s bellows consists of two chambers separated by a dia- 
phragm, so that while the motion of the bottom board is intermittent, 
the blast is nearly continuous Ordinary kitchen bellows are used in 
the foundry for blowing away,the parting sand from the faces of pat- 
terns, and also for disposing of superfluous blacking or loose particles 
of sand from the moulds 

Belly. — The belly of a blast furnace is a narrow zone at the junction of 
the two truncated cones which form the body and the boshes. 

Belly Helve. — See Helve Hammer. 

Belt. — (1) A band or strap, sufficiently flexible to act as a transmitter of 
power over smooth pulleys. A bolt acts by friction only. The 
mateiiala for belting are leather, india-rubber, gutta-percha, and cot- 
ton, described under their specific headings. (2) Head metiJ on a 
cylinder or pipe. 

Belt Coupling. — The union of the ends of a belt. It is effecte^by 
aid of bees or of belt screws. 

Belt Dressing. — Leather belts are apt to become hard and craok in dry 
situations, and various dressings are used as preservatives to maintain 
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tbem sapple. Pure tallow dried into tho belt by the heat of the soil 

• or in a warm room is a good preservative. Some apply oastor-oil. 
One recipe gives castor-oil 2 quarts, tallow 1 lb , powdered ream, 1 oa , 
hard soap 2 oz , melted together For Iwlts which have already become 
hard, ncatsfoot oil and roam are rec(unmendod Resin mixed with 
tallow is also recommended for use with belts which have to run in 
dai^ places 

Belt Pork, or Strap Fork. — A pair cf prongs standing out from a strap 
bar and enclosing a space withm which tlio belt or strap of a machine 
fitted with fast and loose pulleys runs. Tho (xlges of the bolt either run 
against the sides, if plain iron rods, or against frei ly revohnng rollers 
slid over the rods as spmdles, tho latter metliod dimmishmg f notion. 

Belting — See Belt. 

Belt Lacing —See Lacing. 

Belt Perch. — A bar of wood or a metal rod plaoed alongside a lielt-pullcy 
on which to rest the belt when unshipixHl lor repairs, in order to 
prevent the latter from bottoming liitch^ m tho revolving shaft, and 
being itself damaged or luflictmg damage on the machine or at- 
tendant 

Belt Pipe. — Applied to a steam or exhaust pipe when it surrounds its 
oyhnder. 

Belt Pulley. — See Pulley 

Belt Punch. — A plier-shaped punch used for piercing holes m belting for 
the reception of tho laces or screws used for tho coupling together of 
the ends. 

Belt Birets — Copper rivets used for fastening the joints in leather 
beltmg. 

Belt Screws. — Male and female serows used for uniting the overlapped 
joints of belts. Used in preference to lact*d joints. 

Belt Shifter. — A bar of iron currying a pair of forks or prongs, used for 
shifting a belt backwards and forwards bc^tweon loose and tast jmlleys 

Belt Shipper. — Usually a length of round bar iron or of gas tubing htdd 
from below, by which an overhead bolt is shpped over its piiUey. 
Patent belt shippers are also used 

Belt Shipping. — ^The placing of belts on their pulleys, or tho transference 
of a belt from one pulley to another, usually performed while tho 
pulleys are in motion. 

Belt Stoetcher. — ^A piece of mechanism employed for stretching new 
leather belts in readiness for use But bolts are very commonly sus- 
pended in a loop from tho roof, and loaded only with ordinary weights 
All new belts must be stretched, otherwise tney would soon have to 
be taken up and relaced. 

Belt Tension — The ultimate strength of leather belts varies from 3,000 
to 6,000 lbs. per square inch But at laced joints the strength is 
only *3 of those values, or from 900 to 1,500 lbs per square inch. 
The working tension should not exceed about 300 lbs. per ^uare inch. 
A good rule is 20 lbs. per inch of width for each inch in thickness 
of the belt. The tensile strain is found by multiplying tho num- 
ber of the H.P to be transmitted by 33,000 and mvidn^ the pro- 
duc^by the velocity of the pulley in feet per minute. This r^re- 

• Bents the strain in pounds upon the driving side, independently of the 
initial tension proaucing a^efdon between tho pulley and the belt. 
This initial tenmmi shoi^ be sufficient in amount to prevent sUpping 
Oja either of the pffil^s at the moment of starting. 
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Belt Tig:lit6ner. — A contrivance used for pulling the ends of belts togetbeft 
for coupling up Clamps are attached to the opposing free en^ of< 
the belt and then drawn together by moans of screws and nuts. 

Bench. — A strong support or table, more or less massive, upon which 
certain kiiifls of work are ^rformed See Pattern Bench, Core Bench, 
Brass Bench, Fitters’ Bench, Vice Bench 

Bench Drilling Machine. — A small drilling machine made to bolt to a 
work bench, and actuated by hand These are of numerous types and 
sizes, and are made either single, double, or treble geared The hand 
wheel or winch handle is sometimes placed at the back, more com- 
monly at the side of the machine, and drives the drill -spmdle through 
bevel-wheels. The left hand only is free to manipulate the work. 

Bench Hook. — A stop for sawing light work on the bench without 
damagmg the bench itself. It is a block of wood about 12 in. long, 
furnished with a projecting stop at each end placed on opposite faces of 
a central web. One face of the web being laid on the bench, the lower 
stop is pressed against the bench edge, while the upper one takas the 
thrust of the wood which is being cut by the saw 

Bench Lathe. — A light lathe fitted with short standards to permit of its 
being bolted upon an ordinary work bench. 

Bench Planes. — The planes which are always kept on the bench as being 
in constant use. They are jack, trvmg, and smoothmg planes. 

Bench Bammer. — A small round-ended rammer (q v.) provided with a 
short handle (12 in. to 15 in ), used for making cores of moderate size, 
or those which can bo made on the core bench, or the smaller moulds 
whoso flasks are laid upon a work bench 

Bench Work. — Used to distinguish work carried on at the bench or vice 
as distinguished from lathe work, and also to distinguish the work of 
the fitter (q.v.) from that of the erector (q 

Bend. — The curved part of a pipe by whicli its diiection of motion is 
changed. “ Quarter bends ” include four in the circle , eighth bends, 
eight to the circle , and sixteenth bends, sixteen to the circle. Their 
angles are 90°, 45°, and 22p respectively When practicable, bends 
should be of large radius to diminish the friction of the liquids which 
they convey. 

Bending, or Flexure. — ^The cun^ature of a beam about its axis or cen- 
ti’al plane (See Neutral Axis ) The amount of bending action is 
measured by the bending moment (q.v ). The safe or working load 
must bo estimated m reference to the intensity of the stresses due to 
bending, so that the moment of resistance of any section must be equal 
to the bending moment at that section Diagrams and formula are 
given in most engineer’s reference books for obtaining the bending 
moments and workmg loads of beams of various sections, variously 
supported or fixed 

Ben^g Machine. — See Straightening Machine. 

Bending Moment, — The resultant or sum of the straining forces acting 
upon each side of a given section. The liending moment of the ex- 
ternal forces at either side of any cross section equals the moment of 
resistance of that section. 

Bending of Pipes. — See Pipe Bending. ^ 

Bending Bolls. — Heavy rollers of c^ iron or steel set in strong stand* 
ards, and used either for the straightening of crooked plates or for 
bending them into arcs of circles or into oomplete oylmdero. 'l^e 
oentree of the rolls are made adjustable relatively to each other with 
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this object, their bearings ronning in strong housings, the tipper pair 

# of whiwi are elevated or depressed at pleasure by means of a sorew. 
The ordinary bendmg rolls contain throe rollers, but are typical of 
numerous machines of modified characters used for bending, straight- 
enmg, and rolling iron of various sections, both hot and cold. 

Bending Strain. — &e Transverse Strain. 

Bent Oouge . — An outside firmer gouge curved in the direction of its 
length, and used by pattern-makers for hoUowuig out tho concave 
portions of core-boxes. A spoon gouge is a short, more quickly curved 
form of bent gouge 

Bent Lever. — A form of the lever in which tho arms are inclined at an 
angle towards eacli other In estimating tlio moehamcal efficiency, 
instead of taking tho lengths of tho actual arms, the lengths of the 
perpendiculars fiom the fulcrum to tho lines of directions of tlio forces 
are taken. 

Beuemer Converter. — The vessel employed for tlie production of mild 
steel directly from cast iron, by the patented process of its inventor. 
The converter is a pear-shaped vessel lined with a refractory material 
— ganistcr (q.v ) or magnesian limestone (q.v.) — and provided with 
twyers for the blowing in of air under pressure. It swivels upon 
trunnions, by means of which it is tilted up and thoinoltt'n steel poured 
out when the process is coinpl(‘t(‘ The blowing in of air oxidises tlie 
carbon to carbonic oxide Spi'igeleiseii is then added in sufficient 
amount to impart tho quantity of carbon requisite to make steel of a 
definite degree of carburisation 

Bofsemer Pig — Pig-iron of a special quality prepared for conversion into 
Bessemer steel made by tho acid process It is inacb' from Imanatite ores, 
and contains not less than 2 per cent of silicon, from 3 to 6 per cent 
of graplutio carbon, not more than 0 1 per cent, of phosphonis, about 
1 per cent, of manganese, and as little as possible of sulphur and 
copper. White iron is unsuitable. The use of silicon consists in tlio 
high calorific power generated by its oxidation. Bessemer pig is classed 
m Nos 1,2, and 3. For tho basic process pig iich in phosphorus and 
manganese and poor m silicon is preferred. 

Bessemer Plant. — The plant used m tho production of Bessemer steel 
(q V ). It usually consists of a pair of converters, a ( anting pit, 
hydraulic cranes, ladle, slag pit, cupola for iru^lting the spoi^eleiseri, 
and the cupolas for melting the pig m readmess foi runnmg into tlio 
converter. 

Bessemer Process. — The process of the dccarbunsation of cast iron 
effected by blowing atmospheric air through it while in a fluid con- 
dition, folloived by a measured amount of recarbunsation. (See 
Bessemer Converter.) Tlio acid process (q.v ) onginal^ introduced 
has been superseded by tho basic prixjcss (q v.) Ulie ibossemer pro- 
cess is sometimes termi^ tho pneumatic process, m allusion to the 
blowing through of atmospheric air 

Bessemer Skulls. — Skidis (q.v ) formed around the lining and the mouth 
of a Bessemer converter. Their formation is due to what is known as 
a cold blow, that is, there is not sufficient silicon m tho pig to maintain by 
its oudation the heat necessary for perfect fluidity. Bee Bessemer Pig. 

BtssemSr SteeL — The mild steel produced directly from the pig in the 
Bessemer converter (q.v ). Used for boilers, rails, tyres, girder 
work, general smithes work, &c. 

Best* or B, — brand of wxought-iron plate or bar equivalent to No. 3 
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f iialitr, or tliat grade whioK is only just superior to the oommoneBt. 

t is obtained by piling, reheating, and reroUmg either No. 1 and No. % 
iron, or all No 3 brands. The “best plates of the first -class houses are, 
however, equal to the “ best, best ” and “ treble best ” of other firms. 
BMtf Best, or B.B, — A brand of wrought-iron plate or bar indicating 
a superior quality obtained by piling, reheating, and rerolUng “ best “ 
or No. 3 bars. 

Bent, Best, Best, or Treble Best, B.B.B. — A brand of wrought-iron plate 
or bar indicating the best quality of plate made It is obtained by re- 
piling, reheating, and rcrolhng the “ best, best” quahty 
Beton. — Concrete (q.v ) 

Batty. — A crowbar fq v.). 

Between Centres. — Signifies the chucking of lathe work between the 
centres of the headstock and poppet, as distinguished from the attach- 
ment of work to face and other chutjks Tlie centres are either the 
dead centres or the prong chuck and dead centre 
Bevel, or Bevel Square. — A tool used for testing the aeouracy of work 
which is cut to an angle or bevel It consists of a stock and blade. 
The blade is movable and is fixed or set by a screw In the best bevels 
the blade is also capable of movement along the screw by means of a 
slot. 

Bevel Gearing. — Gearing comprising combinations of bevel- wheels (q v ). 
Bevelled Washers.— See Timber Washers 

Bevel Bing. — A ring or washer used for insertion between the flanges of 
abutting pipes whidi do not stand parallel with each other When 
thin it is made of lead, if thick of cast iron See also India-rubber 
Washer. 

Bevel Square. — See Bevel. 

Bevel WTieels. — Toothed wheels the pitch planes of whose teeth meet m 
the common centre of their ax€*8 In most bevel -wheels these axes are 
at right angles with each other, hut in some instances they are set at 
other than right angles When the wheels are of equal diameter and 
the bevel of the pitch plane is 45°, tliey are termed nutre -wheels 
Bib Cook. — A cock whose nozzle is bent downwards after the fashion of 
cm ordinary cistern tap 

Bicarbonate of Lime. — See Carbonate of Lime. 

Bight. — ^The hangmg loop of a chain or rope which falls below the 
puU^s in lifting tackle. 

Bilge ripes. — The pipes through which bilge water on board ship is 
remov^ by means of the bilge pump (q v.) They are made of lead. 
Bil^e Pump. — A pump attached to marine engines for pumping out the 
l^ge water in the event of excessive leakage. 

BUlete.— Short rectangular lengths of piled bar or welded scrap iron used 
for producing the smaUcr sections of finished iron m the rollmg-miU, or 
for smith’s use. Ordinary biUets may measure about 18 in. long by 
3 in. square. 

Billsting Bolls. — See Boughmg Holla. 

Binding Straps. — The loops which secure the cutting tool against the 
face of the tool-box of a planing or shaping machine. The stra^ are 
attached to the tool-plate and enoucle the shank of the tool, which is 
then pinched by a clamping screw. » 

Binding Wire.->-Iron or brass wire of small gai^ used for binding jmnts 
whic£ have to be brazed, or for fastening india-rubber hose around 
brass unions. For brasing purposes the t^m binding wire may signify 



MECHANICAL ENGINEERING. 


ditiher tho iron inre tised to oonfino the jointed pieces or the brass 

• wire which acts as the solder. 

Biseetiiig Scale. — A flat scale fuUy and sjmmetrioallj diTided on each 
side of its centre line. It is usuaUy graduated for J in., ^ m., and 
1 in scales. 

Bismuth. — Symbol Bi Comb weight 210, sp gr. 9 8. A pinkisli 
wlute metal which does not oxidise at the ordinary temp<*rature. It is 
chiefly useful as an alloy w ith other xnchvls to tonn antifriction com- 
poundB for bearings, and to jirodiic© alhys which expand in cooling. 

Bit. — (1 ) The jaw of a smith’s tongs. (2) A t opjxT hit (q.v ) See also Bits. 

Bite. — (1) The graspmg power of the jaws of latho-chueks, vices, nippi>r8, 
wrenches, tongs, and sunilar ttxils. (2) Tlio friction of a rope around a 
pulley or capstaia (3) Signifies gripping action in general. 

Bits — j^rmg tools for wood, comprising centre, slicll, nose, gouge, counter- 
sink, and other forms They are actuated by the brace or stock. 

Bit Stoeh Drill. — A drill whose shank is square tapered to flt into the 
socket of a common brace. 

Bituminoxu Coal. — Smoky burning, non>caldng, or caking and coking 
coals, containing more*Wdrogen and oxygon than the anthracites, but 
less than the lignites. The bituminous <5akmg coals are only suitable 


less than the lignites. The bituminous <5akmg coals are only suitable 
for gas and coke making, but the senu-bitummous, non -eating, free 
burning coals are largely used for steam boilers, either alone or mixed 
with anthracitic coals (q v ) The semi-bitummous coals bum readily, 
and give out much smoke 

Bituminous Paint, or Tar Varnish. — A proteotivo coating used for pipes 
and structures which are laid under water It is variously made, but 
IS composed eswjntially of the bituminous pnxlucts of coal mixed with 
mmcrai oils One recipe gives 30 gallons of coal tar, fresh with all 
its naphtha retained, 6 lbs of tallow, 1 J lbs of rt'sin, 3 lbs of lamp- 
black, 30 lbs. of fre^ slaked lime finely sifted Mix immodiutely and 
apply hot. 

Blaok Band Dre. — This ore is of the same essential conmosition as the clay 
band ((| v h but it contains m addition a quantity of bitummous matter 
intermixed therewith It is mined m Scotland and in Prussia. 

Black Copper. — F^e metal fq v ), which, not bemg of sufficient purity, 
. or oontainmg only about 60 parts of copper to tlie 100, is subjected 
to the processes of recakimng and resmelting Black copper, as 
it is then called, contains from 70 to 80 per cent, of copper. 

Blaok Diamond. — See Carbonado. 

Blackening. — See Blacking. 

Blackening of Screws.— Small set screws in model and other work are 
often bl^kened to protect them from rust They are heated to a black 
heat and dipped in a bath of oil. 

Blacking, or Blackening. — Ground charcoal, coal or coke dust, or plt^- 
bago, used by mould^ for the purpose of preventing sand httming 
(q V.). It is sleeked over the surface of the mould with a brush ana 
trowel, or simply dusted over. It prevents the immediate contact of 
the heated metal with tiie sand through the generation of a flha of 
carbonic oxide, or of carbonic acid gas produced by the union of the 
cxyflgn with the carbon constituting the bulk of the blacking. Black- 
*izig 18 also mixed in certain proportions with the sands usm in gremi 
aam moulds. 

Blacking Bag, — ^Apoammmnslin or calieo bag used for containing fotindiy 
M a drmg (q.T.)» which la then dusted flnely over the laces of t&moiilds. 
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BlMldng MU. — A large revolving cloned cylinder, containing heavy 
Mllars rotating freely Ujpon its internal diaineter, by ivhose crushing^ 
action small coal or coke is ground into blacking (q.v.) for foundry us^ 
Instead of cylindrical rollers some blacking n^ls are furnished wiUi 
ordinary spherical balls revolving in a oorresponebng annular groove. 
Sometimes called coal or coke mill 

Blaoklaad. — This is used for imparting a srtloi^th skin or coating to some 
foundry patterns to facilitate dehvciT Also for coatmg the faces of 
oast-ir^ chilling moulds, with or without the addititm of oil Mixed 
with soft soap it is used as a lubricant for wcani which is reiolvijg in 
a lathe steady during turning 

Black Huts.— Nuts (q v ) wliich are not i>o1ik1u^ but left rough as forged. 
They arc used for comuuai ami oiit-d(M>r \iork, and for thewe portums of 
macnitie work which are coiu'eah*!! See lliight Nuts 

Black OUi. — Crude mineral oils of good IkxI^ which have heeii subjected 
to one serins of purifications only to remove their mfHjhaiiical impurities, 
and volatile oils, but which hav(‘ not lieim flltertMl to improve the 
colour. They are used for cylunh i liihncation 

Black 03dde ox Copper. — An ore of copper contammg about 80 per cent, 
of pure odjiiper It is found in Chili 

Black Pin. — Signifies a stud or pin which is not turned but left black from 
the forgo Jllrn'k pins are often used in the rougher kinds of work, 
and parti<5ularly in tliose joints which are simply conneetions, and not 
pivots. 

Black Platei.— Tlates of thin sheet iron rolled and cut to size, ready to bo 
brightened for ilio tinning jirocess m the manufacture of tin plates (q.v.). 

Black Print. — See Thototypi* 

Black Bod Heat — DenoU'S that ttinperature of w^roughi iron or steel in 
which the retl colour is just visihli' hy daylight It may lie roughly 
taken as correspond uig with 1,000” F. 

Black Sand — Old sand (q v ). 

Black Smoke.— See Smoke 

Black Tin. — ^Tin ore which has l>een calcineHl and w^aslnHl, and is thus 
prepared ready for smelting It contains alH)ut 00 jht cent of tin 

Black Varnish — Onlmtuy shellac vaniish sbiinwl hy the addition of lamp- 
blaok. It is used hy pattern -iiiakt'rs 

Black Wash, or Wot Blacking.— A solution winch is usihI in loam moulds 
(q.v ) and dry sand moulds for the same purj)osi‘ as blacking (q.v ) 
is used for green sand mouMs It consists of a mixture of clay wa^nr, 
and ground charcoal or coal, applied wuth a swab or brush, and dried 
in the stov^e 

Black Work.—Work w’hieh has not been miuhiiu'd or ixilisht^ In some 
instances the term w'ould apply to metal wi*rk which had been machined 
on a bearing siH’tion, but not elsewhere And in other cases where 
no portion, working or oUieiwis*', had Iktii macliinod. 

Blade. — A. thin lanuna or plate, as tho blade of a square or of a screw. 

Blaak.— A piece of metal prepared specially to lie shaped or ground to 
some paruoular shape Thus, gear-wheels whose teeth are cut out of 
the Boiid are cut from prepared ** blanks,*’ and tho term is generally 
applied to block-liko castings or forgmgs which are to bo definitely 
waped by means of machinery. ^ 

Blank Boltt. — ^The rough forgings of the bolts previous to screwing. 

Blank Gap. — A covered cap u^ for screwing into Uie open end of a host 
union when not in use. 



MECHANICAL ENGINEERING. 


BlAlik End. — Tht) oud uf a pipe or oylindrical caotiug which ia oloeed 
ii^ that no through paaaago exLsta 

HdBk Plange.— A solid um(m 1 for bolting to the end <tt a pipe of 

• oylinder for the purpose of cloauig it up pemiauontly , or for a temporary 
purpose only 

Blank Holes — Rivet holes in boiler, slup, bridge, and other plated works 
which are so very inaec unite that when tho jdates are ploetxi in position 
the holes do not com^spaud withm a distauco tniual to their own 
diameters In such cases the holes have to bo re<li*illed, or the work 
oondeinned 

Blank Socket — A stop taid (q v ) 

Blast -The ^oliune of air forc<xl into those furnaces whoso combustion ia 
quickened by artificial means They ein>>raco blast furnaces, cupolas, 
locomotives, and seme marmo boilers S<k‘ Blast Furnace, Cupola, 
Blast PiX)e, ForeiKl Draught, Tuyere Also Bessemer Converter 

Blast Fan — Fan. 

Blast Furnace —Tho furnace emploved for tho smoltmg of iron from its 
ores Its longitudinal section is that of two truncabKl cones of unequal 
height plac'ed base to twisc (See Boshes, Thn)nt.) Blast furnaces vary 
from forty U) one liuiidrtHi feet in height, and liave a capacity of from 
10,000 to 60,000 cubic feet They are built of brick or of sheet iron 
lined with a refruebuy material Once lit they are kept in blast 
for several years Their details of structure vary with the nature and 
quality of the ore and fuel available Tlie blast, from which tho furnace 
donves its name is eitlier cold blast (q v ) or hot blast (q v ). It vanes 
in amount and prc«^ure with tho character of tho oro and fuel, and 
quality of pig to be produced Itoughly, from five to six tons weight 
of air may l>e required per ton of iron produced, at a pressure of from 
two to six lbs per square incli The blast is urged by blowing 
engines (q v ), through a blast mam mtothe tuyeres 

Blast Mam. — The pipe which conveys tho blast (q.v.) from the blowing 
cyluiders to the tuyeres of blast fumaoes. Its capacity is large in order 
to prevent the current from being spasmodui m uiaraoter 

Blast Hossle. — The extreme end of a olaat pi|)e or tuyere which is pierced 
with the blast orifice 

Blast Oxiilce. — The mouth or opening of the blast pijie (q v.) of a loco- 
motive, through which the exhaust stiaas finds exit into tlso chimney. 
The* diameter of the onfioe is often made capable of vaciMoa. Bloe 
Variable Blast ^ 

Blast Pipe — The pipe which conv» ys the exhaust steam frotn the cylin- 
ders of a locomotive or similar high-pressure engine into the chii^ey. 
The introduction of the blast pipe marked a most important era in tne 
history of steam locomotion, its agency in producing a rapid forced 
dn^l^t being of vital importance. The escape of exhaust steam through 
a iWntracted onfice, by creating a partial vacuum m the chimney, causes 
the heated gases from the furnace to traverse the tubes with an ac- 
celeration of Sliced, with the immediate effect of prodiuuiig more rapid 
combustion. Sec Variable Blast. 

Blaat Preasure Gauge. — A gauge used to indicate the pressure of the 
blast in 4he blast mams of smdting fumaoes and cupolas It is placed 
in oonunnnication with the current by means of a stop cock, and the 
height to which a column of mercury is raised thereby indictee the 
hlast preesore. The graduations are those of ounces of pressure on the 

p 
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aquare inch, or of inches of water, or of both in oombination in the 
same • 

Blast Stove — Sc>e Hot Blast Stove 

Biased Pip:, or Glased Pig -An inferior claw of pig iron, highly siliceous^ 
which iH frc*fjucTitly jinjduccMi after the first blowing m of a blast 
fimia<?e, as well as under certain conditions of regular working. Ite 
inferior quality is due to the presence of sihcon in large quanti^ 
di'rivi^l from an excess of fuel 

Biasing Off — A term uwsi in tempering oj>enitions, signifyii g the deter- 
mination of a (hdinib* t4‘irq»enng heat, by tlie flashing p(>int (q v ) of <i 
greuM^ or fat in whnh the article t,o Ik* temjX'rtHl is queue hed. 

Bleeding — The nd streaks <d rust ahieh weep through the scale ad- 
herent to the insides of lK)ilers, and whu h reveal th(* prewiu t of corrosion 
in the plates undenu*ath 

Blende, or Zine Blende. An (»re of zme, oc<‘urring as a sulphide in black 
or bniwri lustrous ( rystals hene^^ its name It contains G 7 parts of 
sine to the hundred It is fiuind in \eins in many Englwh districts, 
and in Europe and North America 

Blind Holei. - Rivet lioles which are punch(d so inaccurately that w’hen 
tile jdates are brought togetln-r Uie hoh*M do not CHnneido witliin tlie 
<'xt4*nt of an entiri' diane'ti'r S<*e also Half Blind Holes 

Blister Copper MehiHn (opjw r ohtaimd by tlie n listing of fine metal 
(<j V.) in order to cxim I tJie sulphur, the mi'tal laiiig then run into sand 
moulds. Its hlist^ nnl apjK^araiKc is due to tlie ebullition and twaja of 
Mulphunius acid gas. SOj 

Blisters - Are d< fe< t^ pn m nt in IkhU r plat 4 ’‘S of inferior (pnility due to Uic 
non-expulsioii of <’Ui<hr or sand in the original rolling nn mm *S8 

Bliiter Steel 'Diat (juaht) <»f east sh*!! pn^pand by the (imeiitiug or 
converting pnKiNS So culkd IsKause its surfin t* is eo\(nd wnth 
mintiU* hlisUrs or bubbles eaustd hv tie* exjiaiiHion ot ear)>onu‘ oxide 
gas, the gas having getieraUd by tlie u« tion of oxide of iron upon 
carlKUi 

Block — Tlie IsNiring eluM'ks i»r pn*c<*s, citlnT w<xd or metal, w ha h (iarry the 
piillei s in lifting tai kh* Hu term also tommoiily im ludt*s the pulleys. 

Block 6srnege Tlie traieihng frame whuh carries the ebain sheaves 
upon the horizontal jih of a crane It is tra\e-lled or racktd along the 
jin by racking giMir (ij v ) 

Blocking, or Packing. Short lengths and idd ends of timlter balks, 
planks, deals, and luitteiih >Rhuh arc ustd m the works, when erecting 
machuierA' and lanous oUicr structures, the blocks being employed for 
packing up jairtions of tin* same 

Blocking Girdort ~ Thi* gtnlcrs w^hn h are attached to the under side of 
tlie trmk frames, Isith Iwick and front, of travellmg cranes They are 
made consider»hl> longer than the width t>f tht* frames, and are placed 
in a transverse dmit ion to ureveiit overturning of the crane when 
lifting eJrosH-wn)^ with a full load, an ac'cident which would happen 
without the broader Iwise uifordeil by the girders. Tlie ginh'rs are 
sap|Hurtcd iqion bbs'king plaetd underneath tlieir projix tiug ends See 
Angle of Ujvs(‘t 

Blodang Up —Tlie elevating and supporting of manses of machinery by 
moans of cranes, jacks, and hloc*king 

Block Scttillg CrOBO — A Horeuh* (q \ ), or a Titan crane (q v.), bcoanae 
dosigned imeoially for the setting of oonorete blocks in hiirbour w« H » , 
Hock Tim. — Im Double*. 
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Bloom. -H 1 } a lump, from the Saxon ** bloma.** Signifying thore* 

$oTt\ any nvww of iron iirepartHl and pnrifit'd in ri'aiUncMH u»r tha 
formation of a tal forging (2) A maim of puddled liaU whirh haa 

I undergone the pr^Mviw of idungling or aquet^xmg. (3) A maati of piled 
iron lirought mto an outlme of a nhano and aut^ roughly oorrcapouduig 
with that of the article which haw U» oe rt>lltHi tlierefrom. 

Bloomary — Finery 

Blooming Down Th<» rolling tlown of hUh* 1 ingota into hlooina. 

Blooming Kill - A Shingling Mill (q ▼.)• 

Blooming RoUa — See ruddling llolltt 

Bloom Stool htwl made hy the open lu'arth pmoeamiH, and n>lltHl into 
hlooin-^ 

Blow 'llie fort mg of the blimt into the tuyert^n of bhwt funiaeea and of 
cujxdaHi, for tlm j>ur|>oH<« of nHlucing on> in the former, and of melting 
the mm m tln»' latter, i« eallid the blt»w', or blo-Airig, or tlie blaot. The 
f(m mg c)f air through the luttlitm metal in a Bt'xaemer eon verier la alno 
calh*<i tin" bb^w, but hax reference to a dcftnib* jx*ri«ltl of the proceaH, 
that jmtumI during which the tiarlxm w Ixing oxidifKd or burnt out 
A blow iM, in foundry' language, raiiHfd by tlie impruMUjimint of air and 
gax ui the metal of a iiniuld StH' Blow flole 

Bloworo Mfo limc*x employed for the prfHluetion »>f artifi<'ial i iirrontH of 
air, and ulilnsetl for the pnKltieUon of hlaxt, vuitdation, <^.e. Thity am 
for (he m<*x( |«irt either blowing (ylmderx (q v ) and pixIoiiM, or rotary 
blowiTH (q V ). The adtaiitago <»l blowers over fans ih tliat they^ (an 
iMMlrivin at a iinn b hIowit with a ( ori«’h|Hmding (h ononiy of 

moti\< pow«T, and in* reaMtsl safety, ami that the amount (d hluMt wnioh 
they will dt ln«'r IS of a {x»mti\e ( harm bT, and thendore measurable 
iiini iLud( I I ontroi 


Blow Hole Blow lioies ar<" hollow (aMties m eastingH, < ausod by the 
proaeme «d air or gas in the moulds inUi whnh the r^astiugs wore run, 
aud which Ixrcome entangled among the molten inotal, in constsiuonre 
of imjKirfect venting Blow holes of a bluisli c<dour im]dy Uic preaeiicu 
of suljdiur m the iimtal 

Blowing -Th<‘ appUcatiou of the blast t(j a foundry eupda 

Blowing Cylinders. — Cylindoru employed for pumping th(" air under 
prensure into the blast mam (q v ) Tluy are double acting, having 
valves m lx>th top and Isdtoni. A large* blowing (»ylindcr will diw'harge 
as much as 60,000 t ubu fwt per minute under a pressure of from two 
to ten lbs p*r iqinm* iin h 

Blowing Xnsino — An engmc umsl lor driving blowers For blowing 
oyUnaers the engine will be of a rotnprocHting type, for rotary bloworo 
a rotar}' engine (q v.) will be us«s), or a tbree-( ylinder ongino (q.v ). 

Blowing Fan. —An ordinary fan used for blowmg 

Blowing Off. Tlie p(*n()dn;al driving out of the lower portions of the 
water cd a steam lioiler, in ordir to prevent accumulation of tolid 
matters, and consequent in(;rustation (q.v ). 

Blowing Throngh, -Ihe sembng of a jet of steam through the cylinders, 
valvcf, and (‘ondeuser of a condisofiing steam engine in order to create a 
vacuum before starting In high •pressure engines, blowing through is 
aooomplished through tlie pjrts ami pet cocks to clear the cylinders of 
the waiOk of condensation* 


Blowit — A casting is said to be blown when it is honeycombed witli blow 




iiL-^Blast funmees are said to bo blown in*** or to bo **in 
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bliwt ** wbeii they are in full working order They remain eo except wh^ 
ropaim are nec3dod, or trade is too bad to make them jpey. Blowin|^ in 
is an operation which takes three or four weeks to four effect. 

Blown Out. — Blast furnaces are blown out, or “ out of blast,” when they« 
are doing no work, being extinguishod either through badness of trade 
or want of repau^ 

Blow Off — Tlie pipe aud cook used for emptying an <mgme boiler of its 
contents. It is situated at the lowest part of the iKiiler The practice 
of blowing off is one preventive of incrustation (q v ) 

Bl0W*0ff Bond — A IsfCa pijH-* whu-h connects the blow-off c<K'k (q v.) with 
the blow-off mi ting (q v ) in a I^ancashire or Cornish lioilcr, and 
throiigh wlach tlio blowing off takes place into the ash pit 
Blow«On Cook. - A ping c<K.k, by whose f»jK‘ning the blowing off of a boiler 
is cff(vterl 

Blow-off ^doting — Tlio blow-off o<K3k, or its bend, is attached to a 
sepan^ ruishng callfsi a m'liiutg, in Ijancashirc and Cornish boilers. 
Tno w*aling is titt.(Kl t<» the curve of the Is^iler, and furnished with a 
fldnge for the atta< hincnt of the bfmd or c<K’k 
BloWf.— Signifiif's the nunilx r of charges (q v ) which are drawn from a 
blast furnace, ora cuf>ola in a given time 
Blow-throttgh Valve ~ A lalvo in use with c/jndensing marine engines. 
Its purjMiHt' IS the clearing of the cylinder, oondoiiser, and air-pump of 
the ail which th<'> < ontam, and thesii]»plymg its place wiUi st4'am, which 
lieing iniin(diiii< ]> cxindcns^M:!, ^^catc«l a >acuum This is necessary 
liofore the enguics can Ikj started. The valve when opened makes a 
eommunication betwmi the steam m the valve casing and the oon- 
denm'r 

Blue 8<h> IVusMUin Hhn* 

Blue Bath - A bath of dilulo hydrochloric aiud, eon taming 8 or 9 per 
rent, of acid, in w hich phototyjics (q v ) are bleached after having been 
developed in the pruHsmto bath, and washed m the water tray It 
becomes blue ihnmgh contact with the prussiate of potash. Also 
nailed acid luith This bath is lined with gutta-percha 
Blue Billy. -A fettling (q v } used for puddlmg furnaces in the Cleveland 
district It is a n^sidual product denved from the roasting of copper 
pyrites. 

Blueing. — The heating up or lotting down of the temper of steel until it 
assumes a blue colour. A dark blue corresponds with a temperature of 
aUmt 670^ F , and is the colour for springs. 

Blue Line Phototype. — See Phototype. 

Blue Lines. ~8eo Dimension Lines 
Blue Xeial —See Pine Metal 

Blue Print. — A phototyjx' (q v ) in which white lines appear on the blue 
ground. 

Blue Protest. — Roe Phototype 

Blunt File — A tile w Inch is nearly but not quite parallel throughoui ite 
length. Ttie term blunt relates to the point, sometimee called ”ldunt 
poitttoil,” tt) distinguish it fnun a taper file (q.v ). 

Bsiurd. — Tliin timber as distinguished from planks Anything below 
about twro im'hes in thickness would be oaued a board, a^ve that a 
plank Strictly ejpeaking, however, a plank should not nmasore 1 m 
than three inches m thiolmess. * 

Beh. — The pear-ehaped or globular wdght depending from a plumh-Bnn 
Sometimea appliea to the beam of an engine* 
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Ml Ximr»~*8«e Bonkiny Hftiidle. 

Hie main portion of a pattom^ oastin|r, or forging, at dittin* 
guiiAiodi from its auxiliarj or subndiar^ poisons. (2) As apiUit^d to oils, 
signifies tlie dogrse of corudstenco or 'V'tsoosir j of tho oil. A huavr oil it 
one with much iMidr, a light oil signifying, on the other hand, a thin fittid 
oil. The mineral oils when puntiwl Tiave little IkmI^, my also has sperm ; 
while castor oil and some ot tho vegetable luid animal oils and fats, as 
lard and tallow, have a good body Body must not, howmrer^ be con* 
founded with resinous properties which atme of the TCgeialde oils 
possess and which cause gumming (q ▼ ) Tlie oiU liavigsr MQilt body 
are used for heavy shafts, for engine cybiuhtrs, and for hSlt himpora- 
tures , those having Itvw IxKly for light nvicluncry Tlie inMiy of an 
oil increases with increase^ in bmqx^nitiire. and with light oils Kng and 
evaporstioii fr<v}uently take pla<^«*at romparatively low temp««raturos. 

Body Core —The nuiin orpnncij^al I'ortMii a mould, as diMtingmshed from 
branch or smaller wires. Tlio bcxly core of a cylinder is that which 
Inmis the bore, in opp<^tion to the passage ^ores. llie l)ody core of a * 
pipe is thai in the main pipe itself, as disiinguishod from branch or 
Tee cores. 

Bogie -A swivelling fraiutiwork whit'h carries the axle of a pair of Io<^o- 
motivcY or carriage wheels, and by means of which ilic main framing is 
enabled to accommodate itiiclf to curves of sliort ruilius A Istgic trunk is 
a short truck resting on four wheels, and pivot<Hl at its centre to the 
frames of an engine or carnage, a truck lacing invoUxl at one, or at 
each end, of the engine or carriage 8c<^ Bogie Kngiue Its usc^ is to 
cmable the engine or carnage to run round sharp enn os, which it effects 
by subetituting its own sliort wheel base {<{ v ) for tlie ordinary long 
wheel base. 

Bogia Bagims — A locomotive jirovided with a Ixigie. In the single liogie 
eiii^ti^ the heading wheels are the lx»^nes. in tho double l)Ogt© or 
Fairlie engines the hading and trailing wheels are bogies, 

BoiL — ^The period during which the carlxm is lieing bsimt out of the iron 
in a Bensemor <son verier (n v } Tho carbon durl^ this p<‘riod is being 
oxidised to earbonio ojude UO, and bums at the Mouth of the con> 
verier. 

Boiled Qil.--See Xinscad Oil 

Boiler.— The veseel in which tho steam need in the driving of an engine it 
generated. Forms and details are numerous and varied. Cornish 
boilers have one fire flue, Lancashire Isiilers have two flues. Loco* 
motire boilers and those of portable engines are multitubular Vortical 
boilers are those in which the circular section is in a hori^fintal plane. 
BoOeri require setting when of the Cornish or Ijancashire type, the 
aotUng oonristing of brickwork and an arrangement of flues bnUt 
therein. Vertical l»oiIers require no setting Where there are no 
moke tubes, at iu Lancashire and vcrtiuil Ixnlers, th^^re are eroM 
tube* passmg througfa the flire*box for the piiiqiose of exposing a larger 
auiiaoe to the action of the fire Marine l)4>ilers are a type hv them- 
adves, oomdstmg chiefly of the return multitubnlar class, oeciioiial 
boilera are tboae in wliWi the steam is generated in a multitude of 
distiiiet tubea eoimounicating with one steam chest or receiver. Details 
of HmeMd of other type§ of boilers will be found under their specifio 
headings. Bee also Water Tube Boilers in App. 

BsOsr Bear, — See Panbhing Beer. 

Ml a r CapMty. — Bee Heamg Smfaeo. 
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Bail«r Olm!Uti(m«~-See Circnlatkm. 

CofttiW' — Non*oondiictin^ i^ompositions are uAed to prerent 
radiation of heat from Hteam boilers 8nrh compOfdtion« are smeareO 
over while in a plaHtic utaU* and liardcned })y the heat Varioua 

materlala are ein|»l(»ye<l, onnpnMinjrfelt, Hilu*at<*(*<)tUm, oementH, silicate 
oompositinna, a«lM‘Ht4>«, Tlioy are iin)stly patent'd preimraiums. 

Boiler Oorr<Ndon -Ik wther internal or oxUtiuiI Internal corrcmion will 
result either fr«»m the prew^tw a of acidulated water (q v ) atta<*kinp: the 
plates behiw the wat<*r leiel, or from HurKTheatod steam ie the steam 
cumber. , Kxtemal (‘orrosion is the result of leakage, and of oontact 
with danfp foundations and settings. 

Boilor Oxpwn.^ 7h<* un^xTmost nlab* m tlu* shell of a vertical boiler It 
is of a hollow dis<}oid sha|s% mingtsl around the <*dges, and riveted to 
the ouU‘r slndl plut-<‘s H<»nu‘tinM*H it is of a flat form only and stayed 
The boiler orown pnqsT is that Udonging to the ouhT shell The fire- 
box crown IS that over the top of the fumaeo or inner shell 

Boilsr Dome. — The sujwrljoatmg ehamls'r of a multituhular Isnler It is 
usually of one pun e, w(*ldod up and flangt^ at top and bottom, and 
encasM in a brass mounting. 

Boilar Explosions. Tli<-S4* are almost invariably due to oviTpW'ssure (q.v ) 
of steam, the overpressun' taking places by reason of the lM>iler l>emg 
taxed Ix'yond itseajiaeitv . theebud 80 Uj<x>s of overpressim* Uung weak- 
ness due to fault V < anginal di-sign, to wt^kness caused by wear and 
tear, by bml workmansbip, by suddtm strains put up<m a structun% 
whbdi, tbougb stnuig ctuotigb to withstand ordinary pressures, is not 
able to suHt4mi a smbbm and ex< t*ssi>o stress iippluHl thereto rnstanetl 
or imisTffN’tly sfay^tl surfaces art' examples of l>ad design, as art' also the 
use of platf's, stJiys and rings tis> w'eaic for the pressurt^s w'bich they 
are designts! tt) earry Comtsum and grts)\ ing an* exampb s of wear 
and timr Amoiii^ the eirors of bad inatt'nals and workmanship may be 
nlassed tlie usi» of bimiimttHl and pitUsl, or of brittle platc-s, excessive 
drifting, bartl eaulking, «i:c , while overluMiting, wnth the ixinsequent 
w'eakeiimg due t4» increase in teroperaturt*, the aceumulation of deposit 
over tlio fin», lowness of water, are illustratiqns of sudden straining , 
and also tlie too ngid attachment of ls»ib‘rs to their seatmgs or foun- 
dations t'ause o> t‘rHtraining by preventing freedtim of ex|)ansion and 
contraction. 

Boiler Feed. - The w ater supply of a IkhIct. 

Boiler Feeder.— <1) llie agency by which tlie water supply of a boiler is 
maintaniixl Usuullv it takes tJie form of a force pump (q.v ) or of an 
injector (q v.), (2) Tlie r<«t‘r\uir from wdiich the supply of water for a 

boiler is drawn (3) A fee<l water heaU-r (q v ) (4) An old-fashioned 

arrangement for regulating the water supply consist^ of a float at the 
water level ocmmH'iBd by a cliain with a Ie\ er attached to a valve, which 
last, bdhg lifted by tbe lowering of the float, allowed a definite amount 
of water to flow into the boiler. 

Bettar Flttinga*— Those additional portions of boiler work which, though 
nod considered as parts of the shell, are yet essential to its completicQ 
They are usually charged for extra, and comprise man-hole ana mud- 
bde doors, fire liars and their bearers or rii^, furnace door^ dampers 
and fnunee, the various fittings being subject to modificatkm by the 
imeiflal type of lioiler to which they are attadied. 

Bouer Fleat.-'ln okL i^-eud and waggon boilers feed waa regulated 
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hjmmm of a iSoat and diain, which ming and falling wHh iuotua* 
t^s in Icrel indiratod tho height of the water. 

Boii^ Iscmatatioa. Si^e ImTuatation* Soda, OarlKinate of Lime, 4o. 
J^Ur Leakaga Stx» I>eakHge 

Milar Maker. Tlie uork of a boiler maker ('onniMta in murkuig out the 

{ )hitei4 id Uulers to «i3fc aiul whape. in marking and puwdimg the rivet 
mhw. m riveting togother and eaiilking up the fa'amn, in fitting tubeii. 

rttrengtliening ruig» aiul ri4«aiu tdienU Jlere hia work 
eiida, and the Ixnler is liaiulinl over to the engiuo fitU't to rtveive iU 
fittinjn* and mountmirs 
Boiler Makers' Ik ill y 

Boiler MonntiAgs -^oso additional portions of boiler work, extraneous 
tf> the sIkU, but whu h are eswmtial to the nropf^r working of the boiler. 
They an> usually chargini for t^xtra, ana ooinprise safety and stop 
valves, bli)w-otf rock, steam and water gauges, try cocks, back pressure 
valve, and fiwible plugs 

Boiler Plate.- Ilie plate from which sh^am boilers are TnanufmdiircKi. It 
is not a sjHt lal brand of plate, but ordinary best liost, or treble best, or 
Iiowmo<ir plattni. Usually treble Wt Is uwnI for the shell, and 
Lowmrsir or other similar quality for the firt>-ls)x Hometimes ihe 
croam ftre-lsix plates an* Lownusir, and the Isaly tn»blo best. Hie 
sTMnfiration ala'ays fixes the quality of plab's umikI in contract Ixillers, 
tiunigh usually halving the manufacturer to make his iihoioo from 
«*verHl hoUH<*s. The hmsile strength of ordinary wrought- irmi plates 
should be ‘21 tons jier sijuare inch with the grain, that is m tbedinxithm 
111 which the platM are rolled. LowmtKir plates viill Is'ar a strain of 
24 tons with the grain The tensile strength of mild stocl plates 
should range from 26 to 82 tons. Hto Bteel lioilers in App 
Boiler Pressure.- The pressures in steam boilers vary witli the type, the 
and the condition of the bfiiler In extern all v fired, waggon, and 
egg-enii^l Isiilcrs they will vary from 16 to 20 lbs. per square inch 
aljove the atmiisphere In new Cornish and Lanc^hire boilers, well 
•tayeil, from 46 to 60 ll>s., reduced when worn to 26 or ,3.>. In looo- 
motivt-s and portables, frt.m 120 t<. l.iO lbs , gradually reduced with ago 
to 100, or less In marine n*tiim tulw boilers, from 100 to 180, 
ao^>rding to wxc and (^instruction. The pressure is adjusted with the 
safely valve, and indu‘4itcd by the pressure gauge 
Boiler Ptotot. --A force pump and pressure gauge oombined. employed 
for testing Iviilers by hydraulic pressure. ^ 

Boiler Boaliag H ai unie r. —See SoaUng Sammer. 

BoUer llMtioa. See Etfective 8e<;tion, and Gross Sectum, 

Boiler ShelL—The outer W>dy, or casing, pertaining to a boiler; which 
encloses the water and fire spaces in internally fired boilers , and the 
water space only in externally fired boilers. 

BoUer fhop.--A tofty building in which the work of boiler maldng and 
the construction of worits in angle iron and plate is carried on. Afew 

the whole of the central portion being 
™ v*l building up of work, which is moved about by a 

?» overhe^ travellerl The machines are placed in an open ©art 
09^ ttiop to allow freedom of mampulation for the bars, an^^, and 

Imlar IMthy. — A department of the boU^ shop con taining aadtha* 
ftwgea, whi-ro angle iron, tabee, and the lighter work of tha{ dhua am 
nontand wmded. 
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BoUtrt, ••itimf ol— The laying of etationaiy boUers ajjon miitaUy pr» 
pared foundationa of brickwork. The flues are built in the bnokw^k 
to form either a split draught (q v ) or a wheel draught (q.v,), ana a 
certain amount of inclination (q v ) i» given to the boilers. 

Boite Stays. — Screwed rods or smooth tubes vihich connect and stay the 
flat ends of sU'am Ixulcrs Bar slajs (q v ) are screwed into the ends 
of shells or firc-lioxcH, and are either K<‘<*urod with nuts or riveted over 
Tube stays (q.v,) are nvc*icd and bcad<‘d over Gusset stays (q.v.l are 
rireted. Copper, steel, and wrought iron are the matenuls used for 
stays. 

Boiler Testing. — The testing of the strength of steam Ixiilers, or their 
capacity bj withstand tlio intomal stre^ssos due to st^am pressure, is 
mostly perfonntd by the pressure of water produced by a test pump, 
the amount of pressure iM'ing rcKjordid by one or morc‘ dial gauges 
placed in communication with the inb-nor of the IkuUt The 
pressure is usually from one and a half to twn^ that of the actual 
pressure to which it is intended to work the lioUer. The test should 
continue for alioui half an hour, during which time the pressure ^uge 
should not go liack at all If it goes bimk, tliat indicates leaimge. 
During the time of the test, the boiler sliould be carefully examined to 
detect leakage at the seams and rivet heads , any alterations in diameter 
of Uie shell, or in the shape of the end plates indicating bulging stresses 
should also lie recorded, and noted, ana oompartd witli the condition of 
the boiler when the test pix'ssure is removed, to ascertain the amount 
of permanent set, and also b) detect sections of inherent weakness 
of structure Boilers are sometimes also tested with sbam, a practice 
which was formerly universal, hut is now re-sorted to chiefly in tno case 
of locomotive and portable boilers, it being considered that testing 
by steam causes the tost to approximate more nearly to the conditions 
of actual pra<'tic<s 

Boiler Tubes.— Tulies useil for luereawng the f'flReiency of a steam boiler 
by the enlargement of its heating surfoi'e (q v ) without increasing its 
bulk. See jiold Tulies, Galloway Tubes, Multituhular Boiler, T^be 
Stays. 

BoUuf . — ^The process of purifying tin by holding stakes of wet wood 
nnd^ the molten metal w’hile it is m the n>tinuig basin The steam 
evolved causes an ebullition of tlie metal b) the siu^ace where the im- 
purities present therein become oxidised AfbT bemg allowed to settle 
the metM is ladled out and cast into ingots. Tlie upper stratum is 
called reflniMi tin, the lower common Un. 

Boillug Point — The temperature at which a liquid throws off bubbles of 
vapour or steam, producing an ebullition at the eurfaeo Pure water in 
an open vessel, at a pressure of 30 inches of moremy, boils at 212^ F. 
or lOb*’ 0, Tlio presenoe of sohds in solution or an increase of pressure 
raises the boiling point. The Ixiiling point is lowered by a reduction 
inprsasufa. 

BolUSrd.^-A cast-iron pillar used for the mooring of vessels on qui^ 
wnUa. Also the pillars of cast iron bolted to the bulwarks of vesaaui 
lor ^hs oedUng of a rope when paying out or heaving to. 

Bdtttr.~>(l) A plate or disc of metal which sustains arbcles of wroughs 
iron or st^ through which holes are being punched. A holg in 
bolster a trifle larger than the punoh permits the button to pass throng^ 
while its adiaomit edges by sustidning the edge* of the plate aronna 
the piinohea hole prevent buckling or bending of the same. (2) The 
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iMiiiliigi thii Hi within the hmuings (q.T.) in forge end miU t€lKa» «iid 

^whibh enstein the rdOe. 

At. — A feetening employed by engineers. In the ordinary form of bolt 
the head ia forged with the ahnnk— the end opiweite or the tail Mng 
•orewod to receive the nut by xvhe h tlic bolt is mxnired. Both heada 
and nnta may l>c either reetiuigular or hexagonal in form. To prevent 
the tendency to turn round, Uie aliouUler or nei'k underneath the nead i« 
often made rectaupilar to fit into a aqiiare hcde The various forma of 
bolta will be found deecrihod under tluur n*ff|wtive headingti. 

Bolt Cmttor. — A macbino for ('uttiug the KimuIm of bolU, worked by 
hand or by TJiwer 

Bolt Hoad — Tho flattened cxpangion at one end of a bolt. It ia naually 
rectangular or hexagonal in fonn, its shape generally ourreeponding 
with that of th<' nut. 

Bolt Xaehiae. — A raaohine used m Uie smithy for the forpug of the tails 
Jt shanks of bolts It consists essentially of a senciS oi sbimps or dies, 
the lower pieces being iixod, tho upper ones movable iu a vertical 
direetiini. The movable dies are actuated by eeeentnos turned on the 
main driving spindle above, and the spindle is provided with a fly wheel 
for the ecmausation of the motion The diami'trrs of tho stamps vary, 
in descecnaing order, so that tho bolts are drawn down by being paaseil 
along a succossion of dies of dimmishing diameters. 

Bolt Ollvor --See Oliver. 

Boaumtagno. — Bee Bc^umontague. 

Bonding — Bee Banding 

Bonnot — (1 ) Thi' movable cap or c<»ver wbiih is made removable to permit 
of Up', fntroduetion of a pump valve into, or its witlidruwal from, its 
(»e#^,4itg. (2) Tlie IuhhI of a smith’s forgo. 

Bor^otod Safety Valve - A safety valve oovere<l aith a caMing or bonnet 
enclosing the valves and conimuni<*ating witli a waste juue, tliruugh 
which tlie waste steam is couwytMl away without the building. The 
bonnet and waste pipe present the steam from filling tho shed or 
building when the boiler is ch>H«‘ly roofed in. 

Boom —(1) A term applied to the jib of a derriuk crane (q v ). (2) The 
uppes' or lower flange of a built-up girder, lattice or otliorwise. 

Borax, or Tinoal — Syml»ol Na^ B* O7 + Id Hj O. A mxUum compound 
Off the element boron. Used for welding mixtures in stoel and iron, 
and fur Induing gun metal and c^per It is also added in small 
quantity to tho sunc thrown last of all into the brass melting-pot or 
crucible tu prevent its oxidation and loss in vapour. It is prepaM for 
use by previous drivuig off of the water of crystallisation at a high 
temperature. 

Bert. — (1) The internal diameter of a pipe or cylinder whether it be a 
rough or a machined casting. ( 2 ) Also signifies to turn the internal 
diameter of hollow cylindrical work. (3) "llie bore of a wheel is the aiae 
of the hole or eye which receives the shaft, and designates the diameter 
alter it has b^ beared out (4) The bore of a pipe is the internal 
diameter as a rough casting. The dimensions of pipes are never ^en 
oUierwise than as the bore and length. 

Bering. — ^Ihe qperation of making or finishing circular holes In wood or 
netoL tSee App. 

Beciag Bar. — A stiff cylindrical bar previded with a screw feed to the 
euttsr Head, Used for boring cjlinOA The bar IsfiaMd in stmidaids 
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or betweeo lathe central, and rerolves when cutting, the work being 
bolted down to the bed. 

Boring Collar. •'-Hee Cone Plate 

Boring Blange — Drill Plate 

Boring Hoad, or Cotter Head. Pho ring- whirh carries the cuttera of a 
boring bar. It is a<jtiiaUd by a screw sunk m a in the bar itself, 

and diiven by gearing from one end. A bonng hoatl may also 1)0 
on a mandrel, and revolved without endlong movement, the work being 
made to travel by mt^ans of a slide rest against the eiitti rs. 

Boring Lathe - Bonng MHchine. 

Boring Xaehine (1) Amoj'hme sneoiallv oonstnicbni for boring holes in 
cylinders, bosses, lM»anngs, ana the like It may be* horizontal or 
vertitml in type. Tlie cutter in the fonuer revolves in a (*ircle whose 
axis is horizontal , in the latter, in a eircle whose axis is vertical 
P) Bonng ma(*hineH are used for wood isnth braee bits ; for metal, with 
arills and outb'rs liathes are also bonng maehines, the work being 
either fixed or in motion. When the isork is fixed, a bonng bar set 
between oentn^s holds the tool and cames it round When the work 
revolves the tool is held in the shdo rest (^i) In bonng mills the tool is 
attached to a Iwir, Isung jiasscMl through a slot therem and seeurod with 
wedges, and Isith revolves and travels, the bar passing through a hol- 
low mandrel In the* headstoek (4) For boring large cylinders tlio axis 
of the cutter is vertical, the cylinders standing on end 

Boring Mill. — Bee Bonng Machine above,and Vertical Boring Mill in App 

Boring Best. - A lathe r<*st whose* outline is that of the letter L, the hon- 
soiital ann, which is uppermost, Inaiig slotted to take the flat of a Isiring 
tool or drill, and so prevent it from turning round The hinder end 
of the boring tool is <‘t‘n(r»Ml on the popp<*t mandrt»l, and by it ftni 
along to its work Such n^sts art> us(*a ith onlinary lathes, and also 
with lathtMi of Rpt*cial eonstruction aalh*il iKinng latlics, in which the 
popwt mandnd is M forward autrimatically, through the medium of a 
baoK sliaft and gi aring. 

Borings - 8e<> Turnings 

Boring Tools - Bnu^e bits and similar tools for wood, and turning tools 
and cutters for metal, embracing a large number of typers. The ordi- 
nary boring tool consists of an ordinary roughing or finishing tool, 
cranked or turned round at the end, n#^t or left lianded . tlie shank 
bein^ rounded for a few inches behind the cutting point Boring and 
drilling differ In this respect — that honn^j’ is performed by a cutter 
having a single cutting od^, while drilling is pe^rformed Wtwo cutting 
edges placed on opposiU^ sides of the axis of the tool Boring is also 
peHurmed by cutters set in boring heads and boring bars. 

Both.- See Water Bosh. 


BOahes. — Tlmt imia or section of a blast furnace (q.v ) which extends 
from the section where the diameter is widest down to the emoiUe. 
The section of the boshes taken vertically is that of a truncated cone, 
and the angle is dependent upon the character of the ore and of the 
fuel, the condition bemg that the charge shall not rink down too 
rapidly. 

Bom. — (1) The centre or huh of a wheel. (2) In a more general aenoe the 
circtilar beating parte of castings which carry shafts, pins, ffr studs. 
(3) Aciroular pieroed with a central hole and cast on Inuned woik 
to rinanuing the length of bearing parte without adding unneoeessrOy 
to the thidaieBB ol the remaining or plated portion of w structovo. 
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ImmI Vf . — A fbfging b botted up when a oironlar liine of a «eti«ihle 
afehinlmffiMi i» fomim upon its face, being either made from the («olki irtm 
W upsetting and Hniiihlng to outline, or hy weUiing on. Turning the 
edges of su3» bo«<«o*i in the lathe for the pn>duetion of bright wowc, is 
aim called Yvisaiiig up 

lessiag Machine - A Hteam hiunmcr used ff>r Hchliiig tbo Itoeata on tho 
wheels for rolling «t*>ck. 

Betting — Closing the tap hole of a eiqiola with clay afUT a ladle of 
moltim metal has Unm tapptd out. 

Bottle Jack. A serew jack of light oonstruetion, which is slightly <H>nt« 
cal in elevation, and provideil with a handle at tJie side, by which it is 
carried Its s^pe im, tliorefoit*, not unlike that of a jug or iKitUe, 
hence the name applied to it 

Bettla Tight.— HigumeH that tlie seams, nvets, fittings and mountings of a 
steam wiler make siieh dost* and p*'rf<s*t joints that there is not the 
slightest h^akage when testtHl under water or sti»ain 

BettUcg Up. — Tue temporary confinement of the sb^iim in tlie tuln^s of a 
sectional lioiliw, due to its too rapid generation Tlie sb'iim ae<'U> 
mulates until it acquires sufiioieut eiierg) b> fon-e its way to the steam 
dome When tliis ooours, otxil water nislieN in to supply its plact>, and 
undue strain is put upon the tubes due to Uie sudden change in 
tcmjs'rature. 

Bottom Board - Tlie board upon which the joint of a jiattem is laid while 
being rammed up Its purpose is either to stay and sustain a weak 
pattern, or to make the moulder’s sand-joint, Imnce ciiIIihI j«mit Isiard. 

Bottom Card - An indicator luml, taken from the iKittom of a vertical or 
osi’illatitig cylinder In a Uittom card the h>iui line (ij v.) is on the 
right'hand side 

Bottom Faco.- That of a mould or casting wlihdi is downwards 
when pouring The bittom face is always soundt^r than the top face 
{q V.), sinc'e the suUage floats to the bjp, and the liquid prt'Hsure eouso- 
UcUIm the lower metal. 

Bottom Flat ~ A flash flue (q v J. 

Bottom FoUor ~ A fullering tool (q v ) whicdi is laid on the anvil, or set 
in the square hole mmr its end. 

Bottomiag — ^Tlie rubbing or gnmling of thf^ ^siints of wheel teeth in tlie 
roots of the teeth of the wheels into which they gear. It is due to 
want of bottom cU^uunoe or to badly*fitting shafts. 

BottomiB|t Tap — A plug tap which is not rounded off at all at the end, 
hut finndies with square in order that it may cut its thread per- 
feotly to the Isittom of a drilled hole 

Bottom Fart —The lower part or section of a fonndry moulding liox. 
With bedded *10 work the bottom part would signify the portion of the 
mould in the foundry floor 

Bottom Baht — The angle of relief (q.v.) in cutting tools. 

Bottoms. — An impure alloT of copper with antimony, tin, lead, iron and 
solphar, which results when fine metal (q v.) is roasted for the purpose 
of ohtahiing a pure regulus from wluch to manufacture best sdeeted 
ooppsr. 

Bottom Thai. — The lower half of a foUering tool (q v.). 

Bott Stiik. — ^A light iron rod of about five or six feet in length, having a 
snmQ diae-like expansion at one end which recNeiTee the sh/pper of emy 
used for betting (q.v.). The other or pointed end of the rod U need fot 
taping thebole m theegrees ol the metaL 
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Boa4M. — A bush (q.v.). 

Boftftoi’i Oftuge —SoG Dial Qaugo. 

l«w CompftM — Bee Bpnng Bow«, 

Bdw Ooii]i0etiiig>Eod, or Kite CoxmeetiiLg-Sodf or Banjo Frame. — A 

form of connecting -rod employed in steam pumps, w Kero compactnees 
of arrangement is sought after It is trianguW in outline, and the 
crank which drives the fly -win'd is eneloswi by tbeliow 

Bow Brill. — A fiddle drill. Made by Htretching a cord between the 
ends of a rod curvtd bke a bow. Tlie drill is inscTted in a reel or small 
pulley around which the cord is twisted The drawing of thv* bow 
iMudtwards and forwards revolves tlie riM'l and with it the drill in 
opposite dmvtioiiH altet uulely* Bow drills are ustdul only for li^bt 
work, and are employed in eiiginei*rH’ workshops chieflv ^or dnlling 
up the ends of shafts and other cyliiulncal work which has to iS 
oentrod in the lutho 

Bewor^s Process “ Has for its object Uie same rt'sult as Banff’s process 
(q.v.), but air insb^ad of sb'am is the oxidising agimt employed 

Bow Fils — A riffler v ) 

Bowling Hoop — A nng whose single socdion is that of an arch with side 
exjiansions or flanges for the ro<‘(*ption of riveta. Employed for uniting 
the sections of funiaoo shells m horizontal boilers. 

Bowling Iron - Iron plate produced by tlie Bowling Iron Company, in 
Yorkshire Its quality is considered about etjual to that of Lownioor 
(q.v.l and is therefort' often sulmtituted for tlie latter for the trowns of 
the nre-lioxes of lioilors, ami otlier work wht‘re first-class material is in 


reqwwt 

Bowl Sleepers — Pot alet'pcrs (<| v ) 

Bows.— Short drawing coiiijmsscs, similar in shape to those of larger 
dimensions exci'pUng that the head is maile cinuilar m order tliat it may 
be rolled with facility the tlmnib and huvftnger. See Spring 

Bows. 

Bow Sow. — ^A narrow-fraim* saw, held in tension by the leverage afforded 
by tlie twisting of a I'ord Tlicm' saws are used for cutting curves, 
but tlie liand saws haie numtly superseded iht'm in workshops. 

Bowstring Oirdsr.- A gmler in which the outw^anl or honzoutal thrust 
of a carved beam is sustaiiud by a horizontal tie lieam forming the 
ch<»rd of the arc. 


Box. — (1^ A lioariiig for a shaft. (2) A box ooiinling (q v.) 

Box Ooupli:^ —A shaft oouphng iiiuile as a hollow cylinder to fit over 
the abutting ends of Uio shafts to bo <x)uphd togeUier, and held in 
plaoe with keys Sometimes calhd muff ooupling. 

Box Bnd. — A oonneoting-rod end having no loose strap end (q ▼.), but 
in which, instead, the brasses are tlirust into a slot from one side and 
slid along to their sea tings, the side flanges on one faev being removed 
to pormit of their sliding in. The bniBsea are tighten^ with a 
eottar (q.T,). 

Box Filling. — ^The flllin^p of a moulding Ik>x witli ita bodv of sand 
endooing a pattern. This is usually lal^urer’s work, and is disUnot 
from the ramming. The moulder rams while the labourer is migaged 
in filling in. 

Box Cflrdor — A wrought-iron girder built up with two parallel Joists or 
girders of l*iron, of equal depth, united at top and wittom Had 
platQS, riveted to the flanges of the joists. Also termed a tubular 
girder. 

Boxing Bp. — The eonstmetion of heavy patterns by a prooess of /ed- 
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•nguJftr fratninir tugether of tlim Ijoafds in prefercnoe to oulting Uk«m 
#lvom pUnking 

B«K linlc.— A Riot link (q v ) whoae internal fao«« are rocowied, so that 
tile shifting'bluck is iiaitly embmocd by the edges as well a« by the 
internal fanes. 

loz Metal. — Sometimes applied to the metal used for Is^riugs ; it may 
be gr^m metal, or a white metal One recipe gives copper 32, tin 5 : 
another gives zinc 75, tin 18, lead 4*6, antimony 2 5 
Box Vut — A nut made for tho covering and prottH'tion f)f tho end of a 
bolt It is similar to an ordinary nut, witli the addition tliereto of a 
donie-shapud closed end. The screwiHl [Mirt is also tonninatod 
mtomally in a circular rooess larger in duimeUr than tho <lf'eiM>st 
portion of the Voe of the thread, in ordur that the cutting tan snail 
clear itself Box nuts are useii ou tho covers of locomotive oyliiideri 
and in similarly exposed situatious Tlio screwed Uilt ends and their 
nuts aro thus lx>th alike protected from rust or accident, hence thcro is no 
difficulty m slaokenmg back when no<'cssary Also termed oup nut 
Box Safety-YalTO — A iKinucted safety-valve (q.v ). 

Box Spanner. — A spinner uswl for those bolts whoso heads aro sunk 
below the surface of the material into which they aro inserted. The 
box-spanner end is cmmlar without and sfpiare or hexagonal within to 
receive the nut The circular p>rtioii drops mto a round liolo tomowhat 
larger tlian tho h(‘ad of tho nut and ls>roa oomwntncally around it 
Box itandard, or Boxed Standard. —'The stindard, or main framework, 
of a machine or eugino, which is hoUowtd inbrnalJy to obtain 
the maximum of strength with tho minimum of material. See Hollow 
StruoturiMi. 

Box Wood {Ifuxut sempervirens) — 8p gr 1*04. A hard, tough, idoHe* 
grained wood of a i>alo yellow colour, belonging U> the ordi»r 
£uphorb%ae€4i. Its valuable prop>rtios of hardness, toughness, and 
fre^om from siuw'cptibility b> warping and sliniikmg, have l<«l to ita 
employment m the manufacture of niJes and scales for workshop and 
ofRoe use Previous to being worked up it undergoes several years of 
scasonmg. It is alsf> employed for some small tools us planes and 
spokoshaves, and for t(x>l hau<lles A cubic foot weighs 64 8 lbs. 

Boyle and Mairiottf Law of. — Tho law of Boyle and Murrmtt, so named 
after its dist^ncrers, is that the volume of a vanos inversely as the 
pressure to whudi it is subjected In engineering this law has its 
application in tho exjpanaive working of steam in a dosed cylinder, and 
in calculations pcrtaming to gas ana air engines 
Braeo —A tool used for actuating hits and dnils for lioring wood or 
metal, and varyii^ in character with tho class of work which it is 
designed to do. Ihe brace for boring wood is made of wood and iron 
in oombination, or entirely of iron It is turned directly by the hand 
akme. For Hgbt dnllirig in metal, a brace having a r^ouplo of bevel 
wheds to actuate the drm 4s umxI. For heavier work a smith's brace 
is employed, turned, as in tho first instance, by liaiid, but the requisite 
prewnire is imparUnl by a screw at the top For the heaviest druUng a 
ratchet brace is used, in which the drill is miivod by a long lever, and 
the preesure is derived from an arm which receives the reaction of the 
drill, tike feed being imparted by a screw and nut. 

Btaei Biti. — ^Tbe oroiiiary bits um for wood boring, and having iqaare 
tapered shaalEs to fit in the socket of a common brace. 

Brac^ tiMtr. — A biult-np latt^ girder. 
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Bir*cad TnuM.— 'A triMA, eitW brtu^ with Rbgle hrmm or eotmter* 
bmoed with diaffonal tioa and iitnitef to tfinftain the stress of ti moriilg 
load without draonnation. Sec Bracing, Counter Bracing. 

BradSd Work. --Bee Bracing. 

Braeiag. — The staying or supporting of inhcirently weak structures with 
rods and ties. The object of bracing is the oonversioii of transrerse 
stresses into those of a longitudmal c^racter. Tensile or compressive 
braces take the form of triangles, since that is the only Bgore which 
maintains its fonn unaltered while the lengths of its sides remain oou* 
stant Bracing ih pmetiscsi m all built-up structures, as bridges, lOofs, 

. cranes, girderH of van^^iLH kuidx, and the calculation of the strains on 
the different nioinl>crrt * ojiprising the structure is obtained readily by 
graphic mothcKls, or by th(‘ nicthfid of moments. 

Braekst. — A nb occ\ipyingan angle m a casting, or in built-up wrought- 
iron work and phujed there for the strengthening of a plate or flange 
The terra, however, is one of very wide appbcation m engineering, 
being used to denob* castings themselves which have a resemblance, 
however remote, to the typical bracket It is often employed to 
denote bearings of many cfmerent kinds, as, for instance, those which 
are bolted to walls to carry plummer blocks for shafting, or those 
which dc]H)nd from tiinlsT, ubo to cany shafUng, and castings bolted 
upon IkmI iilatos, and s^) on. 

Bracket Pedestal. A wall bracket (q v ). 

Brad A cut nail, rtH* Singular in s<*f'tion and having a bead or lip on one 
side only. Umh.! for paiU>ni w'ork and by moulders for mending and 
staying broken and weak sand !>ee ^pngging 

Brad Awl — A lK>nng tool uw^i previous to the insertion of brads and 
nails It tirst divides the flbrtw by means of its cutting edge, and 
then thrusts them aside, but <h>cs not extraedthem. 

Brad Pnnoh — A bluut iHiintod sUad rod used for hammering the heads of 
nails slightly Isdow tho surface of the wood into which thi’y have been 
driven, when, for the sake of appi’^arance, it is undesirable that the 
heads of tlio nails sliould lie seen, tlie bead of the ponoii being struck 
by the hammer, similarly to the wntro punch 

Brake. — (1) Tlie nuxiianism by which a tram is brought rapidly to a 
standstill. (2) 'Die frictioi^ai axrangfment by which the de<(cent of 


Heavy loads is rt^gulattxl The oniinary brake consists of a flexible 
strap of wrought iron, lined with wotiden blocking, embracing the 
periphery of a itmo<it}ily turned iron w'heol, and is made capable of 
iMung tightcmHl round tlie iron by the intervention of a lever, or of a 
hand wh<M»l and iw'rew. 


Brake Bloeki Tbe short bhx'ks of wood w'hicb are norewed to a hooped 
iron strap to form a flexible lirake around the lim of a brake whoeL 

Brake Cylinder. — The oyhndf r of a steam or of a water brake. 

Brake Bmm <- A large wooden drum used for winding the rope or eham 
1^ Inch lifts and lowers the cages or the tnu ks on ooUiery or quarzy 
works. Called also a winding drum. ** Brake drum*' refers to the 
method by which its ai'tion is controlled, being that of a brake. 

Brake Baadle —The handle of a brake lever. 

Brake Horee-Power — The horse-powqr of an engine or machine taken off 
a brake attached thereto. The instrument employed for the iinrpoee is 
the frictiou dynamometer (q v.), and the advantage of ite onqdoTmeni 
is that the net useful work ^ven out is then dire^y obtained, whsMs 
when the horee-powrer ie taaen bj the indkatoTy a doubtful aUowanoe 
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hm to h$ maAie Mid dodnotod lor the powor abeorbed hjr die engine 

• ilidtl, duo to friotioii end other lomm. 

fcUte Lmr. — 'D ig lever by moaxui of whiidi the notion of n bmke isoon- 
trolled. It be a hand or a foot lover. 

Brak* Power >-llie friotkmal muetanoo developed by a brake. It la 
expreMed in any oonvanient unite, fur as an equivalent to a definite 
amount of mecbanical force amiinst which it ia net off. 

Brako — The block of wood which is thrust against a trolly or tniok 

whofd by the brake levers to aiTcst its motion. 

Brake Stnp — The enoirolmg liand of hoop iron to which the brake 
hlooks (q.v.) are screwed lu the friction brake of a crane or hoisting 
machine 

Brake Wheel wheel whose periphery is turned to receive the preesuio 
of the brake strap and blocl^ the whole with the necessary lovers 
oonstituting a fnotion brake. The brake wheel may be either a 
distmot casting or a ring sunply cast on the face of one of the toothed 
wheels. 

Brakiaf — The apph<'ation of brake power to a machine. 

Bnuaah’s Prses.—^e hydraulic press (q>y.) as first Invented, embodying 
the pracUoal application of the principle that hydraulic pressure is 
dtroc!tW prop^irtional to the head and to the area of surface. 

Bran — Is usc^ fi>r rubbmg over the plates of she<d iron used in tin-plate 
manufaf'turc, in onlcr to dry thorn after the pickling prcK‘t»ss. 

Branch. — An offset (mm apqn* which diverts the oontents of the pipe into 
anotlutr (channel, or which tonducts into the pipe. 

Bmneh Pipe -A pnH» having offsets or brantjhes, that is, short outlet 
pipes attac'hcd to uio nmiu axis. 

Bimndi.~(l) Ortaiii marks used t*> distinguisli tlie qualitios of wrought 
iron and stc<‘l platens and Imrs. They arc not uniform tests, idnoe the 
similar brands of diffident makers will often uidicate different qualities 
of iron By the distinfmishing marks oast or stamped by manufao* 
tiinirs upon the matcjriius of (Construction, their own special qualities 
of iron, and the blast furnaces or rolhng nulls at which they are pro- 
duced, are at onoo apparent. Sometimes Uie initials of the firm or 
company are given, ofiwi the imtials are quite arbitrary, often fand** 
luL like telegraphic code words, frequcmtly there is a heiMdic device In 
addition—a lion, a tortoiis!, a gun, Ac These then indicate some 
de^ie qualities of iron, even though the B B or B B B themselves are 
omitted. Cmwn quality is often represented Igr the drawing of a 
crown to which the letter B, or B B are added. Buoys to all the unmds 
used by all the houses in the kingdom are supplied in Eyland^s well- 
kBown Dueohny of the iron trades. (2) Brands, or branding-lettm, are 
hlodk projecting letteiii oast upon the ends of light rods ornandles, and 
used fwbammg manufacturers’ initials and names into timber, packing 
oases, Ac. 

Braafae. — A mixture of coke or ooal dust, with or without powdered gas 
carbon and coal-tar. Used for the lining of various furnaces to pre- 
vent the oorrosion of certain slags. 

Brass. — (l) An sBoy of copper and zinc, or copper, zinc and lead. It is 
ussd for the chesper kmos of cooks, lubricators and pumps. The term 
^ used rather loosely, being also applied to gun metal (q.v.). 

(2) The term is oommonlT applied to the bearings for the jounuds of 
•hs^ng, the haff besring bel^ tenned a brass, the two besriags a pair 
W btasms, mi ffie bearings with thehr aeatiags a ptnnuner hlow or 
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pillow block. *fbeae bearings are xiot actually made in hesm, but in 
gun metal, which is harder and more durable. a 

Bliss Btnoh.'— The bench of the brass moulder oonsistfi of a plain table, 
either of wood or iron, u{K>n which the moulding flaaks are manipu 
lated, and of a bin or dough containing the sand. 

Brass Borings. — The borings and turnings of brass castings oohectod in 
the shops are separated from tliow* of iron by magnetting (q v.) to be 
lemoltea 

Brass Contraotioa.— Boc Contmctiun, Contraction- rule. 

Brasses.-- See Brass 

Brass Fiaishlog. — The h stages of the manufa<*turc of brass cocks, 
valves, lubncators, and smnlur engine and pump fittings. It is a 
Special branch carriod on in a dei>artrn<*iit or in a fucioTj by itself 
It combines turning, milling, grinding and burnishing 

Brass Bonadr^. — Thi^ diqiartment in which brass moulding is performed 
is usually either separate from, or a sectnm dividwl off from the iron 
foundry, special mab*nals and appliances being eiiqiloycd thcrem 

Brass Buraaos. — ^The furnace m whn h brass and gun metal are melted. It 
is an air funiaoe (<j v ), or an ** airenicible fumacc^ ” n v.), and is built 
in brickwork partly bel<i w and partly alsive the level tne foundiy floor, 
the draught j^iassing through it from a grating in front to the chimney 
behind. It is usually iiuule to hold but one crucible at a time, an 
Increase in melting jMiwer iM-ing obtained bv increasing the number of 
furnaces, whieli are then rangt^l anle by aide Ibe crucibles are lifted 
out of Uic mouth or top of the furuiiee with the crucible tongs. When 
largo castings are riMpiired a reverlaTab'ry furnace is often employed. 

Brass Moulder. The work of moulding and oastmg brass is a special 
department of foundry practice, almost invariaWy performed by a 
workman siiecially tralnt>d to it, who wddom touches iron moulduig 
Qood brass moulders rtwoivo higher wages than ordinary green sand 
moulders, and do much of their work by the piece. 

Brass fllsva.— See Sieve. 

Brass Tubing.— Is used to a slight extent m engineering for cutting off 
into hand railing, slioathing, distant' pieces, &o. Its thkJaieas is 
given by the wire gau^ The common tube is soldered or bxaaed , 
but the best tubes used for condensi^rs are sobd drawn, and uioally 
mado of an alloy of brass. See Muntz Metal 

Braat Wirs. — Is put to a variety of uses in en^eer's work It is bard 
when unsunoaled, soft when annealed. Its oimensions are those of the 
wire gauge. 

Brasswtnrk. — The small mmmtuigs of steam boilers, gpiuges, hose 
cocks, valves, whistles, and similar works are made in oommon beast, 
varkmt mixtures being employed. When mixing brass, care most be 
taken to use the same mixtures for work which is in immediate proxi- 
mity, since the colours vary with the mixtures. Brass is somotames 
variou^y named aooonling to its colour, as red brass, yellow brasa, 
white brass. 

Braaad Joint. — A joint united by brazing (q.v.) as ditttiuguished from a 
aoldered joint, a weld, or a nveted or screwed jomt. 

BratiBg.— The union of metallic surfaces by means of a film of an alloy 
interposed. The joints to be brazed are cleaned, bound withdrire, pot 
into a clear fire, sprinkled with borax, and heated until the aUaj aimta 
Aiao called hard smdering. 

Braxiaf M«tal*~-An alloy oompoaod of 98 parts of copper and % d 
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mmA for oMtiag fiftiigos ol ooppor •le«iii ^pet» and the leehige of 
aliiiee Telveft which luiTe to be cast to their ii^ canitiga. It it eeoet- 
%uy that the proportion of oopper thoold be high, elte t^ flanget 
would nudt at the temperature required for bnucin^. 

Bniidag Wire. — Soft bran wire of small gau|p> useti for bindings around 
Joints whtt^h have U) be bnixed The joint ueiug heated and s|)rink]ed 
with boraxt the wire melts and runt im 

Break.— A brake (q v,). 

Breakdewn.— A breakdown is said to hapix^ii when some portion of an 
eni^e or machine fails or ^rtves out, so that tlu' meehanittm depending 
Umo^q is eithf'r partially or wholly bn»ught to a siandstUI. Break- 
downt frequently call into play the higlto'^t ingenuity and rsady 
reaource of the workman or attendant llrtMikdowns at sea are, from 
the oiroumstanoet of the case, more troublesome than these on land, 
and they are more espet'ially so in the east^ of crank shafts, and 
^milaiiy massive ixirtious, for winch auxiliary (q.v } and spare parts 
(q V ) cannot be taxeii . 

Braakdowa Orant . — A form of crane, espec'ially (*ouHtructed fur railwav 
use, to be employed in clearing the line afUT acHudents, hence oailea, 
** accident crane It is made csjmpaot and strong, and cast iron is 
embloved em little as posHible in its cxmstniction, in order to lessen the 
risk oi fracture by rapid transit and the sliiM ks of shunting, kc. It is 
necetsarily a balance crane (q v.), but the balan(H>-bcx is made to slide 
m wards, or to haul backwards as re(]umxl, and the whole is mounted 
upon tyrod wheels, with springs, axle*boxes, butfers and draw-bars, as 
in ordinarr rolling »h>ck. 

Braakiag.— W hen molten iron is poured into a ladle, its surface shows a 
multitude of continually vaiying curves, due to the rising up of the 
metal from beneath. Different qualities of mcttl have different aspects 
of striation, so that a founder can distinguisli Ix^tweeu liard and soft 
iron while yet in the ladle, and can also roughly judge of its tempera- 
ture. This striation is texinod the breaking of the metal 

BraUdnf Dawn. — The sawing of logs of timber into plaukmg. 

BraaklBg-down Bolls. — Roughing-down niUs (q y.'j. 

Braakisg loint. — (i) Used m rdfert^nce to the joints in metallic piston 
The joints of the rings alternate one over tlie oilier to pre- 
^nSk atoape of the steam, ^jmetimes called cross joint. (2) Tho 
senaratloti of the joints of steam and watr*r pijies, sockets. limigm, 
oyiindert, kc , for nurooses of n*pair. (3) The placing of tno lo^- 
todinal seams of oyimdrical nvoted structures alternately in relation to 
each other, in order that the plates shall afford each oilier mutual sup- 
port. This practice is common m the barrels of steam boilem 
(4) Whcaw a fagot or pile is so built up that the layers of which it is 
composed are not oontuiuous over the whole width, but are made in 
different widths, so that the jomts overlap, they are said to break joint. 

Breakiag Bteeas, or tpiiidlef .-^hort lengths of shafti^ used for coupling 
up the engine with the bottom rolls oi a forge train, or the rolls with 
mek other. The breaking pieces are made weaker than the necks of the 
tolls in order that, in tlie event of overstrain, they will break and 
SO preveni damage to the machmery, hence thmr name. They aro 
* " the journal ends by means of wsbblers (q.v.). 

limit of stress ah 


_ _ _ with that amoiint or 

whish'a struc tu re or beam'gives way, or is raptured* 

Bmkilf W^kt.-*Tlis load neoeaeary to break a beam or a rtmet nr a 
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13i« ftottuU breaking weight i« a variable quantity even for the ianw 
|Mrti<mlar elans of materials) deluding partly upon the quali^ 
•deoted) and also essentially upon manner in which it is applied 
whether suddenly by impact (q v.), or gradually, or as the last in a long 
series of variable loads. See Dead Load, Fatigue of Materials, Live 
Load, Variable IxMid. 

Break Lathe. — A lathe of large size, whoso bod ih deepened in front of 
the headstock to retioive wht»el8 and other work of large diaineter, and 
the length of whoso gap or break is capable of variation by sliding the 
bed along a base plate. 

Breast Braoe. -Any bmoe (a V ) wbi<‘b is funimlifd ^Mth a knob in order 
that the pn^Hsun* on the anil er bit iiuiy bo w>iniiiiuii<iat<‘d lb* itto by 
the breast of the workman. 

Breast Stole. — The archtd hole in front of and just above the base of a 
foundry cupola, where the fire ih lit, and through wlneh the ( indtr and 
slag are extracted afU»r Um caHting work ih over It is tlosed by a 
sheet-iron door or breast plate during the time that tlu* blow is on 

Breast Plate. — (1) The plate of slitH.'t iron wlneb covers the breast hole of 
a cupola. (2) A sheet of metal laid against the breast to receive the 
thrust of the drill spindle used with the fiddle drill 

Breast Wheel. — A water-wheel m which the water meets the biiekcts 
near the horizonbil line which pasHes tlirough the axis of the wheel 
When the water tlows in at a jxunt above tin* honrontal lino, the 
wheel is termed high breast, and when at a |>oint lH>h)w, low breast 

Breeehes Wpe. — A l>eud pine having two legs Oi hranehes running 
eithar parallel with em'h otlier, ordiveigent Tlie branches unite into 
one at their point of bifurcation. The casting winch connects a single 
inlet suction pipe witli the two barrels of a liftuig pump furnishes an 
illustration of a breeches pipe. 

Brasse.— Small or dust <'oke Usodsemotimos for grinding into blacking 
and facing for foundry use. 

Brisk. — Common clay bncks are used in foundries to fonu the framework 
or backing upon which Uio loam is plastered m loam moulding Curved 
bricks sponially made are uscmI in the smaller oylmdnoal work. Sec* 
Bauxite Bnexs, Dmas Brick, Fire-Brick, for those kinds which 
are used for the linings of furnaces. Iron moulders use bncks made of 
loam (see Loam Brick}, in oertam sootioiis of their work 

Brick Arch , — An arch built up of firo-bnek phietd transversely across the 
fire-box of a bxiomotive boili*r, m front of tlie tubes, and sloping down- 
wards and backwards towards the fire-bars, its puqxise being to deflect 
the flame and hoi gases backwards and so prevent them from passmg 
into the tubes too rapidly 

Briekillf Up.—The building up of the outline of a loam mould with 
ooursei or layers of bricks. Bnek, Loam Brick, Loam Mould. 


Brid«.— (1) A structure by wbicli a road or railway is earned over 
H nver. Bridges are sometimes made of east iron, seldom of timber, 
though both mateiials wore largely employed formerly. Wrought 


iron is the material now chiefly us^ (2) An arched guide casting 
attached to the cover of a lift pump or a force pump, and through 
whose oentral boss the free end of the piston or munger-rod trav&. 
(3) In a reverberatory fumaoe, the wall which diviaes the fud chamber 


irm the hearth. (4) The barrier which stretches across th# fire-box 
of an engine boiler, at the farther end of the fire-grate. It la usually 
built of briok laid upon a giider-ilke oasting, or upon a bar of wroughl 
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bxm. Iti pnrpoM k ta throw the HMne ttpwurda to the heetkig sur- 
ilaoe end to prevent too repid eocaTO of the Aeeted geeee. 

Bridge Cylinder. — See Fonndatioa Cylinder. 

Bridge ^Bietes.— 'A cheep quality of iron similar to ship platen. Its ten* 
sile strength is low, a^ut 18 tons, or even less^ to the inch, and it is 
brittle, having but 2 or 3 per cent of ultimate set (q v.). 

Bridge Bail.— ^ Flat Bottomed Rail. ^ 

Bridle.— (IJ The loop which is forged on a slide-valve rod to einbraoe the 
back of tne valve. It may be square or circular in plan, (2) Sometimes 
applied to the strips in a steam chest between whi^ the valve travels. 
C6) A loop or clip ust^ for holding test pieces in a testing machine. 

Bridde Bod.— Sec Itadius Rod. 

Blight Butt. — Nuts whose ends and faces are polished for the sake of 
appearance. All nuts exposed to view on machines, and on good indoor 
work are bright Their ends are turned in a centering machine, and 
their facets are planed while strung on a bar in a pi ming machine, or 
they are done with a milling cutter, or on a special maohme. 

Bright Bed Heat. — A stage of temperature m smith’s work when the black 
scales on the surface of iron are thrown into relief against the red back- 
ground, and which corresponds roughly with a temperature of 1800® F. 

Bi^ht Work. — Denotes those portions of metallic surfaces which are 
pohshed, either to dimmish the fsiotion of bearing parts, or for the sake 
of appearance. The brightening is effected by maohme cutters of 
various kinds, or by files, emery-wheels, emery-papers, or powders. 

Brine Pump.— A pump used for drawing off a certain pomon of the 
water ptriodicalfy from a marine boiler to prevent excessive saturation. 

Brine Ymve. — Sometimee applied to the blow-off valve of a marine boiler. 

Brittleness. — In the materials of engmeeiing this is usuaUv a oonoomi- 
taut of hardness. Tho hardest and most highly tempered steel is the 
most brittle ; white iron is more brittle than grey, ana chilled iron than 
any other. But brittleness is also a sira of mfenority, as in wrought 
iron uid mild steel. The brittleness of castings and m^eable worn is 
reduced annealing (q.v.). 

Broaoh. — A boring tool, employed for the pui^se both of enlarging 
and imparting aoonraoy to tapered and parallel holes. Broaches are 
made of vanons sectional forms, and their cutting angles range from 
90® to 130*. Sometimes called rose reamers. See also J^se Bit. 

Broaehiug. — ^The enlarging and smoothing, and tming of drilled holes 
by means of a broach or reamer. Broaching is chiefly dime in a 
diilUng madiine or a lathe 

Bread Brush. — A draughtsman’s oolonr brush, broad and thin, used for 
tinting over large areas. 

Broad Gangs. — Seven feet between rails, introduced by Brunei on the 
Great Western Railway. 

Brob. — ^A spike driven alongsi^ of a butt-jointed timber standing at 
right an^ks with another timber. Brobs are driven into the 2oi^« 
tndinal pieoe to prevent the abutting timber from slipping sidewaya. 

Broshe. — A broach (q.v.). 

Broken Glasa. — ^Frequently thrown on the surface of molten brass wlkllo 
yet in theomoible, in order to prevent oxidation fromtaldng place. 

Bmao.— Bee Gan Ketah 

BroooL— A lam oblong wire bmoh (q.y.) need lor bmsliing the sand from 
iron and steri castings. 

Bsowm ffawatlto.— A hydrated oxide of koiiy smhraohig ores widely 
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diRtaciag both in appeanmoe and in qoaliiy. Thar reoeiyv diffmai 
apeoifio tiamei in mner^t diatrioia, but all agree m being oompoaad 
easentially of peroxide of iron. Feg 0», and water. 

Bubble Tubii or Spirit Olaai. — The tube of a apmt-level (q v.) whiSh oon- 
taina the encU>aed npint. 

8uolMt.-~(l) A aooop-Hliaped veanol or grab {q v.) u«od in dredging opera 
tiousy ana for the hauling of grain (2) A mud bucket (q.v.). (3) The 

piston of a lift pimip. (Skie l^imp Bucket ) (4) The outlets for water in 
turbines. (5) llie rcK!epta<de« for the water in over-ahot and breast 
wheels. These wore formerly made of wood, but iron is now employed 
Their section also is cm ^ed instead of biding angular, as was ^e case 
when wood was the material used (G) Ordinary galvanized iron 
buckets are ust*d by mouhlcrs for dumping and -mixing sand which 
has become dried and friable by being ctist in Tlie intimate mixture 

' of the sand and water is eftWjt^ by turmug it about w ith the shovel. 

Buokst Air Pump. — Tlio ordinary form of marine engine air pump, pro- 
vided with piston, fm)t and head valves. 

BuoiMt tad Plunger Pomp. — A form of double-action pump in which a 
bucket and plunger are (‘ombined on a single rod, the plunger being 
uppermost. }ly its combined action half the oonteuts of the barrel are 
dmoharged during the up, and half during the down stroke. The 
volume of liquid ejected at each stroke is equal to the displacement of 
the pliin^r. 

Bnekst Vslvs. — Tlio flap valve (cj v ) of the bucket of a lift pump (qi v.). 

Bnekle.— -The lcM*aUso<l iiuHiunliiics of a plate of wor>d or metal caused by 
unequal and ItKalisiHl strums und tensions. Moisture or dryness, or 
want of hpmogeiieity of grain, w ill produce buckling m timber. Un- 
equal internal stn^ss due to different densities, or quahties, or rates of 
cooling, will cause b\u kle in metals. 

BllOklad. — See Crippling 

Buaklad Plates. — PlatcH of <'ust or wrought iron having a curved or slightly 
angular section if taken trunsverwdy in any dirtn tiou, the nse of the 
angle or oun'e Inung upi>cmi<»st. The object of buckling is to 
strengtlien tlie pluto by phicing it in tlie condition of an arch, and so to 
enable it to withstand the injurious effet'ts duo to the vibration of 
moving loads. Buckltsi plates are used m bridge construction for 
supporting the foot ways. 

Baokliag.-~l^ Crippling 

Bndding Spanner. — A shifting spanner in wdiirh the moiahle jaw is 
adjusted bv means of a small ^ew rack and wheel on the back of the 
lever handle. 

BniF* — An appliance for pohshing and finisluug metallic surfaces. Usually 
a oyUndncal body, having a oovering of emery, l^e emery is 
cemented wiUi glue or other cKimposition, and the buff runs on a spindle. 

BKfikt. — ^An elastic spring by which the shock of contact between rail- 
way waggons is deponed. 

BnAr Bar.— See Buffer Beam. 

BalDur Baasb or Bnffor Bar.— A beam of timber or wrought iron whioh 
oifxies the buffers in locomotives and rolling stock. 

BaSbr Box. — *llie easing whioh encloses the buffer spring and buffer rod. 

BvBnr Disc. — ^The spheroidal disc against which the oontaot eff buffers 
place. 

Biffbr Imiafor.— A buffer rod (<^.v.). 

Blfftar Bad.'— The rod which otzxies the buffer diso* 
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Mbr Spring. — A strong coiled steel spring enclosed in the bnfl^ box^ 

• which resi^ and deadens the force due to the colliston of buyers. 

BnShig. — ^The process of pohshing by means of leather and emepry, or 
other powder 

Boff Wheel.— See Buff. 

Building Up. — (l^ Patterns are said to be built up when they are con- 
struct^ by laying several courses of segments one above the other. 
(2) Works in wrought iron and steel are built un by the piling (q.v.) of 
small bars, or when numerous pieces are wemod together, as dis- 
tinguished from drawing down, upsetting, or otherwise manipulating 
m a single piece 

Built-Up Pulleys. — See Wrought-Iron Pulleys. 

Bulb Angles. — See Angle Iron 

Bulb Bars. — ^RolUxl inui liars liaving a bulb, or bead on one edge. They 
ranipe from 6 m by vV • with VJ lbs. weight per foot, to 12 in. by 
tV in , with 22 lbs per foot. 

Bulb Tees. — Rolled tee-iron having a bulb or bead on the centre web. They 
range frrira 6 m by 4 in., by i^r in , to 12 in W in by J in. 

Bulger Earn. — A round-ended ram omployeti in fcircing metsl plates into 
apertures, m expe^nments un bulging stress (q v ). 

Bulging Stress.- The stress to winch flat plates are subjected when 
supported around thoir oilges, and strauied at tho centre. Or the stress 
of cylinders when suhjr'cti^l biinh'mal prossure 

Bull Dog. — ITio matiTial used for th(' lining or fettling ((j[ v.) of puddling 
furnaces It is a mixture of oxide of iron, chiefly feme oxide, though 
ferrous is present in small (piantity, with silicon and titanic acid. 

Bullet Compasses, or Cone Compasses. — Compasses having a bullet at the 
end of one leg for setting m a central hole from winch a circle has to be 
senlwd 

Bnlloek Gear — Mechanism for the utilisation of animal power in the 
driving of well and otlier pumps, and for much light worfc besides of a 
general chanict-er It omisisU of tlio long polos h) which the cattle are 
attache<l, and whit h by their leverage drive a pair of bevel-wheels, and 
through these the machinery connected thereto. Also termed, indis- 
crimmately. cattle gear, and horse gear 

Bunker. — The onclos^ s^ce which contains tho furnace coal or coke for 
the use of an engine boiler Bomctimes called coal bunk. 

Bunker Plate. — A plate of sheet iron which encloses the area utilieed for 
the deposit of boiler fuel 

Burden — The charge of a furnace' 8f*e Charge Light Burden, Heavy 
Burden denotes the exix'ss of fuel or of ore respectiv^y. 

Burnett’s Fluid — A fluid used for the impregnation (q v ) of timber. 
It is composed of chloride of zinc diluted with water, and applied under 
pressure. 

Bumutf.— Wrought iron becomes burned when it is allowed to remain in 
the fire too long at a temperature equal to or greater than that of the 
welding heat (q v ) It can then liarely be utilised by repeated reheat- 
ings and hammerings, but is best discardf^d. 

Burring On. — The process by which a broken-off or incomplete portion of 
a casting is made good, or replaced A sand mould of ffie portion 
to be Burned on is made and placed in proper juxtaposition to the old 
eastinsr in the bed of the foundry floor. The moUen metal la tiieti 
pouroa in, but at the same time peroutted to run away through a Mte 
ur outlet 1 ^ the side. By this denoe the molten metal is to 



54 DICTIONARY OF TERMS USED IN 

flaw for a certain time orer the broken face of the old casting wntil 
that portion is in a state of local fusion, when the outlet is stopped wi4h 
sand, and the flow of metal arrested. \^cn cold, perfect amalgamation 
will be found to have taken place, , 

BumiflL-— (1) To polish a metallic surface by the friction of another 
metalUo surface thereon. (2) The envelopment of a body by the bend- 
ing over of a metallic ring around its edges. (3) Sometimes applied to 
the process of buffing (q v.). 

Bumisnsr. — (1) A half-round file ground smooth, or a piece of steel of 
similar section used to Vmniisb mcbillic stirfac'cs with (2) A bluid tool 
by which pressure is iin^ artod against sheet metals during the opera- 
tion of spinning 

Burnishing.— See Hpinning. 

Bomt. — B<*e Sand Burnt 

Burnt Casting. — 8 t*o Sand Burnt. 

Burnt Iron. — Cast iron winch lias been long 8ubjer’te<l to the action of 
heat is said to 1 k< bunit, and becomes rotten, and red iii colour, owing to 
the absorption of oxygen 

Burnt Stool. — Cast stool v Inch luis been overheated so tliat its nature as 
steel has been abatnuded, due probably- to the absoqitiou of carbon and 
the formation of oxkIcs. Burnt steel is (xmsiderod valueless, but there 
are methods sometimes adopti^l for improvmg it by bringing it into 
contact with certain )>b>Hiea, or by ri'hoating and hammering. But its 
lost tenacity <*4in never bo fully rest-ored, and it is seareely \snTtb the 
while to sttompt it, Imhuiuhc the burnt ende^m bo broken off and thrown 
away, leaving tlie remaining jairtion good. 

Burr. — (1) Tlie tnmtd-over umlctached line or edge of metal which 
results when a metallic edge or surfwe is subjeebni to abrasion. 
(2) The tununl-up tnlgo of metal wbub eniiimonly results from the 
operation of punenmg or drilling, and cutting operations m general. 

Burra Burra Copper. — Malachite (q v ) obtauuHl in Australia 

Bunting.— (1) Tlio breaking asunder of a rapidly revohing pulley when 
the stoesses duo to c-entrifugal force overi'ome the cohesne strength of 
the material. (2) Tlie bursting of a Is^iler or hydniulic 03 linder is duo 
to the excess of internal pressure, as distinguished from that of col- 
lapsing pressure (q V ) 

Bursting rrssiurs. —Tlie prossure necessary to pn^uce actual rupture in 
a clos^ vessel, as a boiler or wipe 

Bush. — The internal oyliudnoal linmg of a liearmg. Usually of brass, 
or gun metal, or some kind of antifriction metal. Bushes are used 
either for purposes of economy, as when lining an inferior metal with 
one more exjiensivc, or for convenience, so that they niay bo replaced 
when worn, without replacing the main casting. A ousL is undivided, 
while a brass is divided. 

Bushing. — The fitting and driving in of bushes into their seatings 

Butt Coupling — The ordinary form of l)ox coupling used for connecting 
idiafting, me abutting ends of the shafts being enclosed by the box 
keyed around them. See Box Coupling 

Butterfly Valve — A pair of flap valves (q v ) arranged l>ack to hack. 

Butt Joint — A smith’s w-elded joint, made by the abutting together of 
two pieces of metal. Butt jomts are sometimes strengthened with 
dowells or ** stuck in ** pieces. 

Butt Measureiikent.-^The measuronent of a dimensum by thmsting one 
end of a rule against the portion whence the measurement is t^en. 



MECHANICAL ENGINEERING, 


5S 


Tbe tenn is employed to distiugruish it from measurements taken with 
•tarammels, compasses, or dividers, or measurements set off by marking 
from the rule divisions them^oh 

Button — The nnailar disc of metal pushed through a plate by punching 
Button-Headed Screws —Small set or attu'hment screws whose heads 
are hemispherical in outline. Thov are driven in with a screw driver 
Button Sleekers — Egg sleekers (q v ^ 

Buttress Thread — A screw thro id wnose section is triangular, but which 
has one face at right angles with the axw of the w^row, the second face 
alone lading sloped Them* threads are only einploveil in cases where 
thev h.'iie to lesist a foret' always acting m one dirot'tion 
Butt Kiveted Joint - Sis- Butt lliveting 

Butt Riveting -WIkmi the (slges of two plak's aru brought one against 
the other, and are iiveto<l into a coveiing plate or strip embracing 
the two, the tei-m butt riveting is used to distinguish it from lap 
riveting («] V ) 

Butt Strip — Tlie covering strip used for the cormeetion of the plates in 
butt riveting (q v ) 

Butt- Welded Tubes — Malleable iron tubes whose joints are simply 
abutted in molding, as distinguished from lap-welded tubes 
Buss Saw - *A term sometimes applied to a circular saw, derived from 
the bu/7inar sound which it pro luces, 

B W 0 — Bumiiigham wirt* gauge Sec Wire Gauges. 


c 

Cab — Ttie liomi or covering which arches over tlio footplate of a kxso- 
motive (‘iigine 

Cabinet Nest — A palette (q v ) containing several independent saucers, 
circular in plan, and fitting closely one al>ovo ant;th(*r, to prevent drying 
up of the ink or colour when not required for iminodiato use. 

Cable -laid Rope --A rope composeil of thriic common ropes instead of 
strands, laid or twisted from left to right, or in the reverse direction to 
the strands in the several ropes composing it. 

Cage — See Loft 

Cage Valve —A ball valve (q v ) 

Calieon — A water-tight casing sunk into the bed of a stream and used in 
tlu' construction of the foundations of bndj^es and stnictures laid under 
water, the work of exe.avation bemg carried on within it 

Caking Coal — Coal hieh has the property of giving off abundance of 
gas, and hardening subheqnently The caking coals are largely used in 
smiths’ fires, and for gas making. 

Calamine — The principal ore of zme It consists of the oxide in 
combination with carbonic acid oontamuiated with oxide of iron. It 
IS found in Flintshire, the Mendip Hills, Alston Moor, and in many 
parts of Europe 

Calcination, or Calcining, or Boasting — The heating of metallic ores in 
order (o expel some of the foreign and injurious ingredients mingled 
therewith, preparatory to their reduction to the metallic conditioii 
The ores of iron are roasted in kilns, to drive off the carbonic acid and 
water pieeeoi. In the extraotiem of copper the roasthig of the ore# i$ 
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elfeoted in a rererberatoiy furnace to expel arsenic and sulphur. Hie 
arsenic oomhines with oxygen to form arsenious acid, Ae sulphur 
yields sulphurous acidgus, or remains in small quantity in the ore as 
sulphate of copper calcination of tm ore is al^ effected in ai 

ainudar furnace, and for the same object. 

Caloining. — See Calcination 

Oaloining Furnace — llio reverlieratory furnace in which the calcination 
(q.T.) of ores is earned on. 

Galoium. — Symlxil Ca Comb weight 39 9 Sp gr. 1 58. One of the 
metals of the alkaline earths, the metallic base of lime, CaO, and 
carbonate and sulph/vte of lime, of the limestones, mortars, and con- 
cretes. Tile metal calcium does not occur m the free state m nature, 
being too roadity oxidizablo, but its vanous compounds are of immense 
utility and interest b) the engineer 

Calender Boilers — The heavy gr<x)vod rollers which feed the timber 
along to the saws, or to the cutters, in frame saws, and planing 
machines for wood. 

California Pnmp —Hi^ Barrow Pump. 

Caliper — An mstniment uwhI for measuring the diameter of circular 
work, at wH’iions inb-nnediate from the ends, where rule measurement 
is impractieable. Calipers are it'rmed ‘^outaide’* when they are 
bellioa for measuring outer diameters ~ “ inside ’’ when the legs are 
straight and only round at the points to measure internal 

diumc'b'rs Sei' Combination Oahjier 

Caliper Buie A short stin*! nile, a portion of which is attached to a well 
fitting slide, both rule and slide lieirig graduated into mmute portions 
of an inch, The slab' is dniwn out until an object such as a bar or 
pbvto can lie eiubrae<Hl betwei'ti the opposing jxirtions of the divided 
rule, and the UiickiK^Hy read off directly from the dimonsions on 
the slide. 

Calking -Caulking (q v ) 

Calorie — A term us<'d bv the older writers on mtvbanies, which ex- 
pressed a false and imsfeading theory Cal*)no was applied to signify 
the material pnneijiU* of heat— heat Isung long lH‘hevea to be a subtle 
elastic fluid whu h penneubHl the molecules of all bodies. See Heat. 

Calorie Ei^na - SiV Hot Air Engine 

Calorie — The Freneb praetii’iil unit of heat It is the quantity necefisary 
to raise one kilogramme of water 1° C , tlie tempi'rature ^mg taken 
lietween 0° and 4*’ C. 

Calorific Intensity — Tlie actual value of a fuel as a thermal agent. It 
signifies the net available amount of beat given out by the combustion 
of a definite quantity of fuel in a gi\en time after the modifying 
influences of the jm'seiiee of inoistuns tlie nature and action of the 
chemical wnstituents of the fuel relatively to each other, the nature 
and sjieoifio heats of tlie ultimate products of combustion, and the way 
in which the fut'l is burnt, are allowed for These arithmetical calcula- 
tions are so miioJi alf<*cU*d by tlicso modifying influences that the 
calorific intensities of various fuels are ascertained mstead by means oi 
direct exp<»nmeut 

Calorifie Fewer.— Signifies tlie amount of heat given out by a substance 
during combustion, indewndently of its rate of combustion e 

Calorimotor. — The seotionfu area of a boiler flue, given m square 
is sometimes termed the calorimeter of the bmler. 

Cta. — A plate or cylinder which transmits variahle leoipxooal motion ts 
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a piece of meohaniem. Cams which are plates are provided either with 
%a edge of definite and special outline, volute, or heart-^ped for 
example, or with an irreMlar definitely shaped grtKive on one face. 

t C^s which are cylindera have a groove out on the penphery, which, 
instead of being circular in one plane moves to the right or left as it 
passes around. 

Camber —The amount of cun^e given to an arched bar or structure. It 
la applied specifically to the leading and traxlmg springs of locomotives 
and trucks It is given in terms of the vers^ wno of the arc, and 
usually with the load on 

Camel Hair. — Lar^» ly employed for manufacturing driving belts. 

Campaign — ^Tho life of a blast furnace lining, estimated by tlio number 
of months or years during which it remains in blast 

Cam Shaft —The shaft in a cam- worked punching and shearing machine, 
which actuates the slides Usually, however, m machines of modem 
manufaeture, an eccentric is employed mstead of cams or wipers. 
Similarly applied to any shaft which carries cams or wipers. 

Candlei.— Sec ruddlors’ Candles 

Cannon.— A hollow spindle or shaft which has a motion of its own, and 
which also permits of the independent motion of a shaft through its 
internal diameter Its applications to mai hmc'ry are numerous. Some- 
times termed a quill 

Cantilever. — A lieam fixed at one end and loaded at the other, or loaded 
uiiifonnly. S<jmetimcs calk'd a serai-lieam. 

Canting Fence. —See Fence 

Canting Motion, or Angle Motion — Tlio provision for placing the table 
of a band, or the fence of a circular saw at an angle with the saw for 
the purpose of cutting bei els 

Canvae Hoee.— Hose pipuig (q v ) made of woven canvas. It is not so 
durable as the rubber hose (q v.) 

Canvae Packing. — Steam packing formed of canvas, with a oore of 
india rubber 

Cap. — The upper or loose portion of the bearing of a shaft Made either 
in iron or brass, and 8(3rewed m place wath liolts or with studs. The 
bore of the cap may bo in actual contact with the shaft, or its function 
may be simply that of confinmg the top half of a divided brass bearing 
in place. 

Capacity. — Another term for yield. Thus the capacity of a manufac- 
turmg firm will be, say, 200 or 300 tons pi*r week, or perhaps given as 
so many tons per furnace 

Capillarity . — The capillarity of fiuids is taken advantage of for the 
lubrication of bearings, the oil being fed into the lioanngs along a fila- 
ment of cotton wick The capillarity of any oil is therefore a recom- 
mendation, if not obtained at a sacrifice of some other more Important 
property. 

Capping. — The shrouding (q v ) of gear wheels 

Capstan. — A cone-shaped drum used for hauling in ropes or chains. A 
warping cone (q v ) 

Capstan Lathe — A lathe provided with a capstan tool rest (q.v ). 

Capstan Tool Host. — A thick perforated cUsc or circular tool holder, 
attached, to the upper part of a lathe rest and used for cairying drills 
and tools of various kmds. The drills are set radiaUy in the holes 
around the periphery of the disc and fixed by set-screws put in from 
the top Any nombi^ of duplicate pieces of work ean thus be operated 
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upoa with different sized tools, with preciseljr similar results in each 
case, by slewing round the capstan and braging the desired tools 
into alignment with the axis of the woik centred in the lathe. Also 
called from its shape, a turret or turret* rest. 8ee App. • 

Carbide of Iron — White iron (q v ). 

Carbon. — Symbol 0. Comb weight, 11*97. A non-metaUic element, whose 
various combinations with iron chiefly produce the ossontial differences 
between the qualities of that metal. It is also the sohd element of com- 
bustion Carbon is allotropic See Graphite, Combmod Carbon, Char- 
coal, Ifydro-eathoTH, .%e 

Carbonado, or Black Diamond -An uncrystallizod variety of (Mirbon 
found in Hra/il It m as hard as the diamond, but free from its liability 
to split It IS used for iiiinmg down and truing emery-wheels 

Carbonate of Copper Soo Mabu bite 

Carbonate of Lead SymlK>l Pb ("Oi A eomjKmnd of carbonic a^id with 
lead oxide, thus I’b () White lead is eswnitiallv a combination 

of the carlKuiate with the hydroxide, thus irb CO-i -(-Pb Hi Oj The 
white load of conunon e is invaluable as the basis of oil ])amts 

Carbonate of Lime — ^ynllK)l Oa COa The principal (^onifKiund to whose 
deposition the iinTustation of steam boilers and water pipits is due. It 
is in the first pliKiO held in solution in tlie water as a buiarl)onate, the 
oxeoss of cjirlKinic a<'id bolding it in solution This excess being driven 
off by heat, the < arbonahi of lime remains ns a flourv or muddy deposit, 
it/S precise eondifioii \arymg W'lth the nature of the salts \^ith which it 
IS usually aecouquiuK'd In the prest*nce of heat it hardens and forms 
an injurious s( ale See (Mark’s Pna'ess, Soda, Waslung-out, <kc 

Carbonate of MagneBia — This carls mate is held m solution in some 
feed-waters and on becoming dejxwited pnxiuees mcTustation (q v ) 
It is usually prcrn'iit in smaller qiuuitity than is the case witli the 
salts of bmo. also Doloimte. 

Carbonates — Salts formcHi by the union of c^irhonic acid witli bases The 
carbonates always off erv’csco when brought into contact with acids, with 
the evolution of CO 3 The carbonates of iron, lead, copper, magnesia, 
and lime are tlioso which chiefly concern the engineer 

Carbon Cores — Coi\>h of solid ejirbon prepared for foundry use, and 
employed where heavy liquid pressures have to be resisted. 

Carbon i)iozide. — See Carbonic Acid 

Carbonic Acid, Carbon Dioxide, or Carbonic Anhydride —Symbol COs 
Produced by the combustion of carbon m excess of air, hence it 
plays au unporbiiit part in combustion and in smelting operations. In 
the presence of reducing agents it gives up one atom of its oxygen, 
being thus reduced to the lower oxide (X) See Carbonic Oxide. 

Carbonic Oxide —Snulxil CO A gas produced by the combustion of 
carbon m a limited supply of air. It owes its value to the metallurgist 
to its power as a reducing a^nt, appnipnating an atom of oxygen 
from metallic ores, thus reducing them to the metallio condition, itself 
being oonverteti into carbonic acid (q v ), 

Carbonixation — Carburization. 

Carbnriiation. — This refers to the quantity of carbon present in iron 
'The limit of carburization for (*a 8 t iron is about 4*7 per otmt ; in the 
beet wrought iron not more than *01 , while the many vaneties of oast 
iron and steel occupy positions intermediate with these. 

Cards — See Indicator Cards 

Card Wire.— A bruab mads of very fins steel wire, used In combing 
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eciton wool. A strip of this when nailed to a piece of wood is used bv 
fi#iors for cleaning the teeth of Hies which have become choked up with 
particles of abraded metal 

famot’i Principle — This principle is, that the amount of work done by 
a heat-engine is mdependent of tlie nature of tlio mtermediaiy agent 
employed, being dejiendent upon its tomjicratiiro alone. 

Carpent^ — Carpentry oornipies a secondary iwwtion ui most engineering 
works, being confined chiefly to tlic fiiiming together of heavy struc- 
tures m wo^ ; to tlic imiking of i)a« kmg-<‘u«e8 and the cutting out of 
templets for boiler makers and erectors , the making of bhx'ks for the 
iron turners and tljo general rej*an*s alxmt the factory. In railuvay 
works, however, the carj)entiy and joinery department is one of tlio 
most important. 

Carriage Hoist, or Locomotive Hoist — This consists of a sot (»f shear legs 
(<} V ), erected in repairing slieds foi ibe j^urjwso of lifting tlie trucks or 
engmos off their axles when repairs are iioressary Tlie ends of the 
shear logs arc sunk in cast-iron shoes buiied in the ground 

Carriage Ladle — A foundry ladle mounttxl on a low cairiago for conve- 
nience of portability 

Carnage Traverser -^eo Traverser 

Carrier — A looped, or hcait-shajied, iron or steel forging, or a steel cast- 
ing, made to chp a pi6ce of metal rod whidi has to turned between 
tlie dead centres of a lathe It is tight€‘ned upon the rod by an adjust- 
ing screw, and is itself dn\(*n by means of a snort juojeetingpin affixed 
either lo a face or eatch jdal/O, or to the mandrel itself See Dnvor. 

earner Wheel — An idle wheel (q v ) 

Cartndge Paper — The commonest di awing- jiaper used m offices for rough 
i^ork It 18 nutdo m slieels iiu'asuring 30 in by 22 in , and 40 in by 
27 in , and m continuous lengths of 64 in wide 

Case Hardening — A process by which a thm film of hardonod steel is 
formed on the surface of wrought iron It is of especial value m cases 
where a hard bearing surftK e is wanted without the expense of em- 
ploying steel, or w ithout the nsk of the warping and curvmg which 
steel almost invanably suffers dunng hardening Case hardening is 
effected by heatmg the iron to a bnglit red in contact with substances 
nch in carbon, or carbonaceous mattiTs, and then quenching in cold 
water Small articles are heated wliilo enclosed in iron boxes in con- 
tact with leather clipjimgs, horns, lioofs, bones, and other nitrogenous 
matters, the depth to which the hardening penetrates lieing dependent 
on the duration of the period of their exposure to a high temperature 
A surface film is often imparted by lieatiiig the iron, rubbing it ovei 
iMth the yellow prussiate (ferrocyamde) of jHitash, placmg it m the fire 
for a few moments and then quenching in water 

Case Hardexung Box. — A box of cast iron, circular or square in shape, 
provided with a cover and suitable handles for lifting. Articles to be 
case hardened are placed in this, together with nitrogenous substances, 
and the box put into a furnace for a definite period, lasting from a few 
hours to several days, a<x*ording to the depth of hardenmg required , 
Uie hardened skin exteiubng from tlie thickness of a mere film to 
^ m or jif m 

Cast. — (IJ TJfie twisting, curvmg, and warping of timber. (2) The run- 
ning of molten metal mto moulds. 

Cast Holes. — Holes are cast for several reasons It is the custom to cast 

all holee whidi have to receive black bolts, the holes being more oheaply 
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cast than drilled^ and a clone fit being non-essential. Cast holes ars 

^ made laiger to the extent of from to | in. than the bolts i^Moh 

they wre to receive Holes are also cast to lessen the labour of drilling, 
bei]^ oast small, and broached or ryincred out afterwards. La:^ 
lightening and clearing holes arc always cast. Core prints usually in- 
dicate the p()8ition8 of cAst holc's on jiattems Cast holes are neces- 
sarily rough, and thoir acrjuracy not quite reliable. 

Oaf ting. — (1) Ihc art- of makmg metal work by the pouring it, while in 
the liquid C/Ondition, inU) mouhlH of sand, or metal, or plaster of 
Paris. (2) The metal work Minch is prmlu(’<*d by the pouring of the 
same into its mould, m coniradistinction b) that which is forged, or 
drawn out under tlie hammer 

Casting Ladle. -A foun<lry hwUe {([ v ) More HpccificaUy the ladle which 
receives the metal from a Bessemer convertor, whence it is poured mto 
the ingot moulds 

Casting On The proe^ess of uniting wist to wrought-iron work, by pour- 
inij* the f(»rmor around the latb‘r, while arrangr^l m due position. It is 
chiefly roHorto^l bi in light ornamental work. See also Burmng On. 

Oasting on End.~Sw Casting lT])right 

Casting Pit A pit in Mdnch arc uirangtsl the moulds for the casting of 
steel ingots S<h) also Pig Mould and Foundrv Pit 

Casting Upright, or Casting on End. — lliis signifies the pouring of metal 
into a foundry mould, the latter lx ing set in a vertical position the while 
It is pnmtiw'd in the (ast' of long eyhndnt'al work which isVanted of 
speeial souiuliiess, eitlicr for the |»urix>s4* of withstanding heavy strains or 
having b) be tiinu*d or IxirtHl with a < lean surface free from blowholes 
Work east on mid is sunk into the foundry pit (q v ), a head (q v.) is 
east on, ami the metal, though poured or necessity from the top, 
IS ofb'ii led doMui a vortnyd mgate or runner to the Ixitbim of 
the mould, whence it nsi s iqiwards Tins is preferable m certain 
eases b) pouring from tlu' top, as less damaging b) the mould, and 
also orodm ing a Mouii'b't ‘Mating, since the falling metal would carry 
down and euoloso aur- bubbles with it* 

Csit-iron. Mintly Mpcuking, a conqxamd of inm and carbon; in pure 
inm, soft iron, or malloabb* iron the amount of carbon being ml. It is 
on the percentage ot carlxm pres<‘nt that the different qualities of cast 
iron mainly eonsist The two extr<uiios of quality m cast iron are the 
grey and tlie white '^Tlie foniier eontaiiiH sometimi^s as much as 4 7 per 
(»ent. of oarlxui, mainlv in the grajdiitic condition, the latter contauimg 
2 or mori' pt^r emit , chiefly in clu'imcal combination. Between these 
extremes occur the various shades of grey and mottled, each suitable for 
Its spei’ific purixist' Tlie pr»'Hi‘nc4> of grajdiitK’ carbon unparts fluidity 
b) the iron and rcndm> it soft, so that it is rea<iily turned and filed 
Cast-iron scjraji is mixed with foundrv jug b) impart buighness or other 
qualities as dcsirml Cast iron is atfomed by tiic presence of foreign 
elommits, os silkHiii, sulphur, phosphorus, manganese, as noted unmir 
those terms 8«'c App 

Oait-iron Pipe. — ITsmi for sb^am and wab^r, and for fluids generally. Its 
ihioknosa is always excessive m amount, to allow of a suMciently large 
margin of safet}^ after it becomes weakened by corrosion. It is cast 
around a core (q v ), and flanges, sockets and spigots, as ^uired, are 
oast on 

Castor Oil —An excellent lubricaat for heavy bearing having mooh 
body or viaooaity, but becoming dzy or gummy after l<mg exposure to 
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the Atmosphere. Its is about 960, taking water at 1,000, and 

it# flashing point 550^ R Cold-drawn oil is that expres^ with- 
out the aid of heat, and is the best , in the preparation of the second 

0 quality the heat of steam is employed Castor oil is adulterated with 
black poppy or other inferior oils, but the adulteration may be 
detected by mixing with absolute ahjohol, in which the castor oil is 
oorapletely soluble, leaving tlio inferior admixture as a deposit. The 
castor oil plant {Rtrtfiug rammums) belongs to the natural order 
Euj)h(»b%aceaf and grows in tlie south of Eur(»i)o and other warm 
regions. 

Cast Steel. — Blister steel (q v.) which has been broken into small pieces, 
melted m a crucible, and pourtjd into ingots 

Cataract — A vessel containing water, a plunger, and valves by which 
the valves in tlie steam passages iii pumping eiigmes are opened and 
closed automatically 

Cataract Bod — A veitie^l rod attached to the lever of a cataract and 
which directly actuates the levers for the oixjiiing and closing of the 
steam passages of pumpmg engines. 

Catch. — See Hitch 

Catch Pawl —See Dog. 

Catch Plate — A numature face-plate which carries the driver (q v ) of a 
turning lathe. 

Catch Water — See Interceptor 

Catenary. — The curve assumed by a cord suspended freely from two 
points 

Cattle Gear. — See Bullock Gear 

Caulking. — (1) Making a joint water or stt'am tight hy filling it in with 
rust cement (q v ) (2) Burring or dnvmg up the edges of boiler plates 

along the riveted seams to make them steam and water tight. 

Caulkh^ Bing — A caulking strip (q v ) of circular fonn 

Caulking Strip — A strip of sheet metal interposed between the body of 
a wrought or cast-iron structure and a cast-iron piece attached thereto. 
Its employment is rendered necessary by the imimssibility of caulking 
the cast iron itself Caulking strips are used between boiler shells, 
and the flanges of cast-iron man-nole, safety valve, and stop valve 
Beatings. 

CanlkiTig Tool. — A hlunt-ended rectangular strip of steel used for closing 
up the edges of boiler plates. It is driven against them by sharp 
blows from a hammer. 8ce Ajip , under Pneumatic Tools 

Caustic Soda — Symbol Na HO. A hydrate of soda It is used in solu- 
tion for cloansmg the outsides of condenser tubes from the accumula- 
tions of nease and oil deposited thereon by the steam exhausted from 
the cylinder. See Soda. 

OmMt , — Few cements are used in mechanical engineering Under this 
head may be classed the glue (q v ) of the patternmaker, the black 
wash (q.v.) of the moulder, the iron cement (q.v ) for hydraulic work, 
and the concrete (q v ) of the hydrauhe engineer, and cements for 
leather and other materials. 

CiBisaitatioii. — (1) The process of making steel from malleable iron by heat- 
ing the latter in contact with carbon in a furnace. Bars of malleable 
iron are biyikenoff and placed in layers m pots or troughs having inter- 
mediate layers of chared powder sifted over and between them. The 
Mirfaoe is lastly covered over with wheel swarf (q v ), and the whole 
mass ia heated together during several days, a j^rtion of the carbem 
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being tranufeiTcd to the iron. The charcoal jjowdcr is called cement, 
benoe the derived name. TTho procosa ig aUio termed the conveitmg 
prooeas. Thw is the firat stage in the manufacture of cast steel (q v ) 
(2) Also applied to the manufacture of malleable cast-iron goods • 

Cement Copper. — Cooper cxfrarpHl from the neater which is pumped out 
of copper mines Tiio waU*i ls*iug pumped into tanks containing scrap 
iron, tne sulphate of copper in the water exchanges its sulphur with the 
acrap iron, mrming sulpliatc) of iron, and copper dei> 08 itea. It is there- 
fore almost in a state of ohemw^l punty. 

Cement Teeter —A form of test mg mar hme (q v ) used especially for the 
testing of the Umsile affd eruHliing strengths of (H'lnents, the i^pocimen, 
specially inould(*d for the purp<js<*, hoiiig < In)}). <1 lo shat kies for t-ensilo 
stress, and a hydraulic machine lieing employed for crushing tests. 

Center.-^co Centre 

Oentiare. — A French measure of surfaei', coinprisiug one square 
metre (q v ). 

Centigrade. See Thermometer. 

Oentigramme A French in(*asuie of wdght, Vx'ing the one -hundredth 
part of a gramme (<} v ), and opiivalent to the •lo4.'i part of an 
English gram. 

Centilitre. — A French measure of ea}>acity ecpial to the otu -hundredth of 
a litre ^q v ) and eorrespondmg uiih OITO of an KngliHli pmt 

Centimetre - A Frem'h measure of hngth, l)oing the ore* hundrcnlth part 
of a metre ((} v ), and the 11937 part of an linglish ui h 

Central Forces A IkuIv r(*Nolving around its axis has a tendency to flv 
off from the ('cntre tins is its centrifugal force The for» e wliich ])re- 
vents it from thus fl} mg off is called the eentripfdjil force. Idiese are 
oentral fori'cs and aie, of course, cnjind and oj)}>osite 

Centre, sometimes spelt Center. — (1) That fixtsl point about whidi the 
radius of a circle or of an arc of a < iidi' moves. (2) A wheel centre 
(q V ) (3) Stx) also specific heads following 

Centre-bit - A Ixmng hit for wood, coinpiismg oontro point, nicker and 
cutter attacluHl to a shank, the nicker and cutter revolving about the 
oeutre point and l>emg aetuaU‘d by a brace 

Centre Dab — A ccntie ]K)p. See Centre Fundi 

Centre Gauge, or Screw Cutter’s Gauge — A thin metal gauge haring 
angular rwessescut in its edges, and iis<xl f )r a varntv of purposes. Its 
angles art) f)o° Honoe it l)e<’«)mo8 a templet ftir turning the cone points 
of lathes, for grinding Ihe angles of screw tools, for settmg those tools 
in the slide rest, amfior dotennining tlie number of threads per indi of 
a screw. 

Centre Line, — A line acnWl, or otherwise marktxl off, upon a piece of 
work as a basis from which to obtain otluT dimensions ot|ually divided 
or synmietjioal on Ixilb sides A centxe hue may, of course, be either 
rectilinear or curvetl Dunonsions are almost mvanably taken from 
centre Imea, seldom from edges or outer faces. 

Centre of Compreseion —The Imo where is located the resultant of the 
compressive forces in the lower section of a beam. 

Centre of Gravity.— The centre of gravity of a body is that point about 
which it will be balanced though placet! m any position, hence it is the 
centre of parallel pressures It may be detemnned expermentaHy by 
snspending the body in different successive jiositions and hanging a 
plumb line against the face. The common point of the nnmearonem- 
ienwotions of the plumb line will oomspond with the centre ol gravity 
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Itt regular figures or solids the oentre of gravity corresponds witli their 
ge^etru^ centre. The common oentre of gravity of two bodies is in 
a point which divides the distance between their individual centres of 
nravity in the inverse ratio of their weights. Tlie common centre of 
gravity of more than tw'O bodies combmcil m one system is found by 
first obtaining tlio common centre of an> two of tlu ni, and then obtain- 
ing the common oentro of tliose two with a thud, and so on till all arc 
included 

Centre of Gyration — That point in a revolving Inxly in which its mo- 
mentum 18 concentrated. 

Centre of Moments. — That point in a rigid body about which the moments 
or forces act, or the fulcrum 

Centre of Oscillation — Tliat point m the axis of a vihratiiig body in w hi(h, 
if tlie whole matter were eoncentratod, the body wouhl (Hintinuc to 
vibrate m tlie same time It lies in the same axis as tlu' (‘cntio of 
gravity, bat is ncMLvssanly situate farther from tlu' point of suspension 

Centre of Percussion — That point in a body itn olving alniut an axis at 
which, if it struck an immovable obstacle, all its motion would be 
destroyed 

Centre of Tension — Tlie line where is located the resultant of the tensile 
forf«8 in the u^mcr set tion of a beam 

Centre Plates — Plates of wTought iron or of brass, which are used for 
the purpose of temporanly securing jointed and dow oiled pattenis 
while they are being turned between lathe oentres llio plates are 
usually scrt'wod to both halves of the pattern at its ouds, but some 
small plates are held wuth clarnp-like heth only 

Centre Punch — A steel punch nlsmt three or four inches long liaving one 
end ground conical, and terminating at its aj>cx ui a sharp point 
It is used for indenting small circular “ pops ” or depressions upon 
the ends and surfaces of metal work, as a guide for centring lu the 
lathe, as well as for drillers, luachme hands, or fitters in cutting to out- 
line See Bell Centre Punch 

Centres — (1) A term of wide application in the worksliop Dimensions 
ore almost invariably given and taken from centies, and not from 
edges. Centres are obtained by the intersct^tioiis of hn(‘S, W compass 
measurement, by sonbmg blocks, by trammels, and niles. (2) The oentres 
of lathes are the common axis of tne headstoek and poppet Tlie point 
chucks or dead points are also called centres (3) We constantly speak of 
valve oentres, trunnion centres, centres of motion, cfmtrosof sbaftiiip’, of 
connecting-rods, &c The term has therefore an infinity of applications. 

Centres of Motion — The centres around which wheels or levies tuni. 
Centres of motion may be fixed centres (q v ) or movable centres (q.v.) 

Centre Square — A tool used for finding the centre of a circle, or of an 
arc of a circle without compasses or geometry It comprises a straight- 
edge and two pins, or the pins may be absent, and their place be taken 
by edges, the essential being that tlie straight-edge shall be normal to 
the lines joining the pins, that is radial from the centre of a ( ircle, whose 
periphery would tdUch the pins or edges as the case may b3. When 
the pins are placed against the circumference of a circle, the radial 
straight-edge points towards its centre By sliding the pins to different 
pomte around the ciroumferenoe a sufficient numb^ of mtersections are 
obtained means of the straight-edge to determine the position of the 
oeoiire. 

Cenire-weiglitad Gorsn^or.— A high-speed governor, having a heavy 



DICTIONARY OF TERMS USED IN 


64 


weigiii aliding on the central imisdle. whose graii^ has to he orer* 
oome by the oentri/tigal force of &e balls It is sensitiTe, and a miall 
governor has the ofBoiency of a much larger govemor of the ooimaon 
type. 

Oentrifiifal Force - See C(>ntral Forres 

Oentrifhgal Fump - A typo of pump by which water or liquid is drawn 
in, and dehvwod in s contmuouH strc^am by tlu* rotation of a fan, or a 
oomblnation of radial vanes cnc hwed m a wi ll-fittiuK casiiig 

Centring — (1) A tem|)oriry stnirture of wcKnlwork, upon which the 
operatious of bndgo or arc h huilding are c arm'd on, and which i« re- 
moved on the complrticm «»f the- work (Jj Marking off the centres 
uixm work whirh has to go into th» lathe* to W* turiM?a 

Centring Chack A picyv' of mcHhuniHin for obtaining and punching the 
exact oc*iitri*ts on the eiidM of Isirs of c ir« ular and H(|uari* H»vtion, wnic‘h 
have to be put lstwc*<*n eriitrc h in thc^ lathe It eonsiKta of a self - 
oentriiig scTcdl chuck, to U' Inld in a iiecs faHtc‘m*d to a bench 
or drop[>ed ovtcr tbci eiul of the* shaft , whc*n the shaft is cjontred it is 
Struck witli a jmiuh »c‘t in the* c'entn* of the c*hu( k 

Centring Xaehine A tnac'hme in whic h iron bars arc' olinpcnl hy a self- 
centring chuck c»r jaw'H, while* euttcTs sc*t on a revohing cume or 
spindle* fare* the ends and mark the rc*iitres. 

Ocntrin|t Best - A r»*st, whose* outline* is that of the* letter L, uscHi in oon- 
juur^tion with a wpiure re ntrr (c| \ for marking ouuntcTsuuk ctmtrc*s in 
tlie ends of c*)linelne al r«sls ]k*ing sorewcxl cm the slide reset it is made 
to tlurust Uio re*>«dMng tmr into a position tnily (smeentric, while tlie 
sc^^uare c'ontrc* e uts or r)mers its waj^ into the end of Uie liar, central 
with the* outsidt' 

Cstttripstal Fore# - S<'<* (^*ntnil Font's 

Chain — Chain is made* hpi^ the w’c lcbng togc'tlie r of oval or circ'ular loops 
(hams are eitlu*r ojHmlink (<| \ } or stud link ^cj > ) The fare's of chains 
are giicju in U^rnis c»f the diameter of tin* iron from wluch tlic'y arc* niadc^ , 
til us inclHlIiain sigmfic*s that tlie diainc'tc*r of the bar from which tlio 
link IS mado is one ineh in diaraeU*r. 'Dn* Htn*ngth of a eliaui is esti- 
inat4.Hl hv tlie arc'u of tlue i*roHs sec'tiou, that is of two bars of the material 
in Uie link 'llu* haigili aiui width of a huk alw'ays lH*ar8 a definite 
proportion to the diamob‘r of its iron Tims the lengtJi of an ordinary 
short -link chain is o\ timc^ its diaiuetc*r, and its wicith is 3J times, the 
projsertions of links var\ lug with Uieir tjqH*s. 

Chain Barrsl —See Hama 

Chain Feed A mcMle of fc*«eding balks of timls r along to frame saws by 
iiimns of an endless cdiaiii led around sliiviit* wbc*ela 

Chain Joint A nveUxl punt where tlu* ends of two outer plates overlap 
and enihmc*e Uue ends of a ccentral plate* 

Chain Pump — A hft pump cxmiusting of a si*ries of rcx'tangular or circular 
disc's, cxmiicH'tcxl «it sheut mt<*rvals t(» a c*haiu, and travelling within a 
doscxl pijw in the dms'tiou in whic*h Uie water is to be lifted. The 
plates travel at a ramd rate, and fit »o cdoscdy to the pipe that little 
w*aste takes plac*e at tne side's 

Chain Biveting —Bows of n\ets plac*od in parallel lines, both in the 
longitudinal and transi erac* directions 

Chair. — A oast-iron seating or support for metal rails. It is spiked down to 
the sleeper, and the rail is weog^intoit by wedges dnven In sideways. 

Chalk — fimeutiMUy a c^bouate of lime, Oa C^s, thou^ usually oontami- 
nated with paruoles of sUioon, alumina, or msgnesia. It is used much 
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by imgineers for whitening rough or diu-k mctaUio surfaces to remier 
oantre and dimension lines ('learly visiblQ , for tra^erring the mark fi^ 
a chalk line fq v ), for whitening one of two opposite surfaoes when joint- 
ing, for marking the edges of straight-edges, and for numerous kindred 
purposes. 

vlialk Itise — A piece of fine twine wound upon a reel. It is used for 
marking straight chalked lines upon timber. Being unwound and 
whitened with cliolk, and strained from each end of the board, the 
central portion of the string is lifted, and aUow*ed to rel>ound sharjdy 
ujKin the tiralK*r, s«)uie |>ortion of tlio chalk being thert'by transferred 
from the taut line to the IxMird. 

Chambered Core — A core (<i v.) whose diameter is enlarged in its central 
}X)rtion, cither for the sake of lessening the weight of metal around it 
or tt> save tuuo in bonng the hide, wdiioh is then borotl only near the 
ends Or if the core is thm, and esptxnally if it is both thm and stiuim}, 
to obviate the disatlvantiige of a proliable iK iiding of tho core, and con- 
iKx|uent difficulty of fitting a lair through it, a chambered ooro is very 
crmirnoaly employed. Also temietl bclluMl or lielly ooie, or roach holly 
core 

Chamfer --A lievel iinpurted to erlges otherwise rectangular. 

Chamfering Machine -A miuhme bv which tho licvcls of nuts niid the 
rounding ends of bolts are fiimietl It is usually a centring imu bine 
(q V ) in which tlie vanous cutU^rs are inst'rtod as rcKiuinHl. 

Cha^e Wheels — Cog-whc<‘ls of fine pibdi, whoso function is tho trans- 
mission of motion from the mandrel of a lathe head to tho guide screw, 
for tho cutting of screws of various pit4 lies Tlio whwds are inter- 
changeable, both on the mandrel, tho guidt* screw, and the intonnodiate 
stud , hence their name A eombination of ehangc wlioels may consist 
either of a single or of a oompoiind tram (<i v ). Iho pitch of change 
whe<‘ls is not usually estimated in parts 4)f an inch, hut by numlx'rs 
ranging from 14 to 0, and called 14 pibdi, G pitch. The foKilfr is equal 
to iM full, the latUT to j m full (See huimetrul A W‘t of 

change wheels consists of *i2, coinmeming at 20 teeth, and rising by fives 
to 120, and one GO or 90 whotl extra, for cutting a seri'W of ciiuaf pitch 
with tlie guide screw But wheels go as low as \h and rise to 150 or 
200, and some of these are often added to lathes, over and above 
the set so called. See App 

Ch a nging Hook — A wm’s horn hook uiiod in foundries for clianging or 
traTLAfernng ladhas of molten metal from one crane to another con- 
tiguous thereto. 

Chanel Iron — Rolled wrought iron bar, whose 80 <*tion is that of three 
sidee of a parallelogram (i, used, in bridge and girder work, and for 
structural purpost** generally. 

Chaplet, or Stud — A metaliie support, or stay, given to a core within a 
mould, as an aid to, or alhigether independently of pnnts. Caplets are 

^ used undjcmeath cores to support them, or above, or at their sides, to 
sustain upward or lateral pressure due to the head and flow of metal. 
Chaplets are of vanous forms, noted under their specific headings. 

Chapm Bloek . — X pyramidal block of wood driven into the sand of a 
nKmld to sustain the thrust of a chaplet tiail (q.v ). It afifords the 
breadth 4 pl base neoeesary m the yielding sand. Bee x^ned Nail. 

Chaplet HoU, or Moulders' Hail. — A ns.i1 having a broad flat head, used 
os a ohoplot (q.v.) for the lighter kinds of w^. 

Chmool.— Wood wlitoh has been desiocated and carbonised, whils 
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heated to a temperatim) of about 650® P, in the abaenoe of air, by 
wbioh prooeat of dry dittillation tbo rolatilo ingxedienta, water, w%ed 
apirit, pyrolignoous acid, tar, and rarioos gr^iflee m driTen off. It in 
employed iparinglT in tome amelting’ operations. FonncW moulds^ 
when small, are skin-dnod (q v ) by meatui of charcoal. It is used 
also for charcoal blacking (q v ) 

Charcoal Blacking — Blacking (q.v ) for moulders’ use, made from oak 
oharcoa), as distinguished from coke blacking, coal dust, prepared 
bUokinM, and plumbago 

Chat coal jnimace — A blast furnace in wliudi (Imrcoal is the fuel em- 
ployed. Its use is conflnetl to Sweden 

Charcoal Iron — Inui ahirh has bei‘n smelted mUi wood cliarcoal as fuel 
It is tlie b«*Htirrjn, its sutK-nonty <v>nKis!ingin its freedom from sulphur, 
which IS never wholly absent from tliat sTne]te<l witli foal or Ofike 

Charcoal Plato — Tin plate for which thesliof't iron has been refined mith 
charcoal, ns distinguished fixmi coke plate (q v ) It is superior in 
quality to the coko plate 

Ohanra --(l) The giis<y)us or e(»mhustihlc mixture brought higether in the 
oy Under or explosion ehamlHir of a gas engine It usually consists of a 
mixture^ of from nmc to ti^clve ports of air to (me of gas {2} The mass 
of materud, or<', fuel, and flux, or metal, fuel, and flux, which is intro- 
duoed into a blast funuux*, or inU) a eu|>ola at one time Also railed 
the burden. 

Ohargexnan.— A W'orkiiiaii who has idiarge of a (rmtract joh, and who 
allots to the incii undiT him their eejwirate portiims of work, and 
is n*sp(»nsjhle f»*r the eorn^i tin’ss ni the wt^rk when done All large 
jobs ttix* let to (bargemen, who, Isaug (‘ompeUmt nun, are little inter- 
fered w^itli by the fort man 

Chargiag. — ^1) The supnhmg of funuut^ with their ort-s and futls 
(2) The unming or fetching of a pump w ith w'ater 

Chargiag X)oor. * { l , 'riiw door through w Inch the charge i« introduced into 
a rerwberatorr fumarx* Tlie charging door is situated to one wde of 
the fuma(‘e (2) The dtwir of a blast fumate, or a eujKila, situated near 
the top, and level w ith tlie charging platform 

Charging Platform,- Tlie platfonn irom which the i hatoe (q v ) is dt- 
liveroJ into a blast fumae*e or a (ninola ^ 

Chari tc, Law of May Ih 3 expn*ss<M\ thus lliat tlie Vi>lumes of gases 
under constant pnsiBure increase bv «]ual fractional amounts, no matter 
wdiat the nature of the gases SometimcMi termed the law* of Guy Lus- 
sac, or the law of Dalton 

Chatcr.-’ (1 ) Ordinary screwing dies aix' sometimes caUed chasers (2) Tlie 
actual cutting dies or sc'rt wiug totds, w hudi arc gripped and set by the 
coUcta (q v.) m a scix?w ing ma< him^ ^ A conib-hke t(xd of sted, whoso 
edgtj is a counterpart of a screw section It is emnloycxi for sti^ing 
or cutting screws )»y band in a lathe, or for smootWg and fini«bittg 
them when already cut by other means. Chasers arcmtemal or ex- 
ternal, according as they are used for cutting mside or outmds threads 

Chaiiag. — Tlie act of cutting screw threads with a chaser, or of amooth- 
in^ and finishing tlireads which have already been cut by other means. 
It 19 gffoeted by pressing the chaser against the rerolnng metal, and 
gidng it a longituduial umrel at the same time, omresposidingia amount 
writh the pitch of the screw. 

Ckattar.-— Caused in machine work by want of rigidity in tba ontting 
tools. It oocura chkfiy in eattem aet in a tetolr^ entter bar, wbma 
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ttu» bar i» sot tofficiently stiff, or where the cutters stand out to too 
great a distance, or in wide scraping tools. 

(1) A check IS a joint compo^ of two portions, male and female, 
fitting toe one into the other, and so forming a guide or steady. A 
dowel fittixig loosely into a hole, a shallow stud or pm fitting into a 
recess, are ulustraiions of chocks The mitre -wheels of the tool boxes 
of planing machines are checked together , so also are oouplinf|||a, and 
frequently flanges Numerous illustrations of checking (.Kjcur in ma- 
chme work. Loam boards (q v ) fimash an illustration of indirf?ct 
checking, the halves of the loam mould being rhocknl, tlio Ixiards there- 
fore being cut in the reverse din'ctiou (2) A round brass disc of alxiat 
the size of a half-crown, stamped with a definite numlrfT, and providoil 
with a hole for hanging upon a nail on a Ixiard callcx] a cheot -board. 
The number corres|M)nds wuth the name of a workman. ISf*© Chwk 
System 

Chtcksd In. — This term signifies the employment of a ihcck in parin 
fitted together 

Chooking In. — The fitting bigcthor of corresiKUiding parts oi eliOfiks (o.v ) 

ChackHut-A lock nut (q V). 

Chaok Ball. — On railway cunts of very quick ladius it is sometimes the 
practice to lay an extra rad on the inner sulo of the inner rail of tlie 
curve, leaving just sufficient space for the fi.ingc of tho wheel to pass 
frtM*ly betweim This relieves the pressure of tlio wheel flange against 
the outer rad and prevents it from mounting the rail. Hence called a 
ebeck rail, 

Ck#€k Systam.— A systoui of keeping workmen’s time, which is largely 
used m tho more important factories. I)<‘tttd« differ, but tlie metnod 
IS essentially this A boanl is hung just without tho entrance gates, 
upon which are hung a numUr of checks (q v ) corresponding with the 
number of workmen in the place Each w'orkman as he passes m takes 
off his particular cheek ana drops it into a l)r>x called the ohock-box, 
which IS a proof that he has gone in to work Tho gate-keeper collects 
the checks from the box, and by companng their numbers with tho 
numbers in tha book giving the names and numbers of tho workmen, is 
able to entcT tttch man asm or out, as the case may be. Ho returns 
the checks to the board m time for the next liell-nnging 

Ghsok Talvs. — A wmg valve, inserto<l in a feed pipe between the boiler 
and feed pomp of an engine in order to prevent the return of the water 
from the boiler to the pump It is free to open towards the boiler for 
the passage of wrater, but is closed by the boiler pressure 

Chteki — A term having a wide and vamwl application in engineering. 
In general it signifies the flanks or side supports for pieces ox mechau* 
um. Thus it is applied to the lioarers of a lathe, tho standards of pumps 
and ensdnes, side frames (q v ), tho jaws of a vice, &c, 

ChMM BMd XiTft. -A rivet, the shape of whose head is that of a short 
solid ^linder 

Cham n aa d Screw — A screw whose head is cjUndrical in form, and 
i^ked or slotted across to receive a screw driver It is used in the 
H^ter parts of machine work. 

Chiifieal Ghango. — ^This denotes an interchange hetween the ultimate 
atoms of toecuemeDtary bodies from which sub^nces of wholly different 
Gharacters are formed , differing m this respect from xne<fiianical mix* 
turesy in which the arrangement of atoms remains the same. Heat is 
the argent which usually produces or quickens chemical action. The 
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reactions which go on in the various melting furnaces are essentially 
duo to chemical changes, new bodies lacing formed from the elemeflts 
reduced from their ongmal lyimpounds 
Ohaqnatiiig — (l) The rt}ughing over of footplates to prevent the foot from* 
impping upon them. Diamond -shaj>ed chequers are formed ujxm cast- 
iron footplates, while on those in nTought-iron crossing ridges are 
stamped. (2) Tlio brickwork in rt'generative furnaces (q v ) and stoves, 
through which the products of combustion pass 
Ohaquar Platas.—hVdplates of cast or wrought iron whose surfaces are 
oovcHred with choquenng {<i v ). 

Charry Bad — Bright lied Ileat (q.\ ^ 

Charry-WOOd — A hanl, rcHldiHh orhroTiiiiKh coloured woo<l, close 

S ullied, and of small sire, the logs ii\eraging 10 or 12 inclies in 
amebT. If well w'nsoncd it is Huitii>)le for cutting and tummg small 
patterns, and as such iH used m country' districts. Sp gr. 716. A cubic 
foot wi'ighs 46 Ihs 

Ohand Vapeur, oi Force de Cheval, or French Hone-Power — The French 
unit of work done hv engims It is i-qual to 76 kilogrammetres (q v ) 
p«r second, 4,<00{) kilognin»iiH‘frcs jkt nnnute, f»r 64 J 4825 English foot 
pounds per second, or 112,54*) hnit jxmnds per minute Expressed 
aeoimally one elu Mil vajs'iir e<|UHls '1)S)»5 English liorse-povir 
Oldli Copper -~Blu< k oxide of copper ohtaincfi in Chili 
ChiU.— 1110 metallic mould into which sps ially mixed molten iron is 
run to produce ri < hilhd casting Sy* ('hilling 
Chiliad Box -A uluH'l Ik)8s vliow* cuitral hole has h'^cn chilhd against 
an iron I'ore 

Chiliad Boiler ^ A roller chilUd around its cnxaimfenaiee Employtd 
where durahiljt\ and suKKdh hard surfacis arc r<*(piirtd, as m lituiding 
and mot4il mils of various kimls (’hilling 

ChUlod Wheel! — A vheel thdhd around its pcripherj' or “tread” 
Employed for eontriu'tors’ waggons running on niiln, for the trucks of 
portahlo cranes, and similar uork In Anurna they are used fur 
railway oars 

ChUling — The hardening of the surfaces of mm eastings by pouring cer- 
tain mixlurt's of metal (whoHi> (pmhties and pro|>ortnms are leunitd by 
expirieiu’o oiilv) into < old im tallie moulds The gniphitie carbon in 
tile metal is Im'UcvchI to enbT into chemical combinatiou with the iron 
at the siirfae<\ jindueing a st<*ely skin Chilling uill p<metrato from 
I in. to 1 m mmanls from the surfaces contingent entirely upon the 
eharaoter of the mixtures emjdojid, Chilbng insures great durability 
of wearing surface. 

Chimney — llie tul>e or funnel for the exit of waste steam or smoke from 
an engine or Isuh r It slemld l>enr a definite pnqH»rtion to the fire- 
grate area, the ]u\>portion ^ar^mg with the tv^H' of engine. 

Ohinei! Xuh — The fin<*st quality «*f the ink vlnch generally goes under 
the name of Indian Irk It in uwd fc»r ine^dianical drawings Chmeae 
ink dries glossy ; Indian ink dries dead bho k. 

Chinw Wlndlau. — A oontrnaneo by moans of \ihnh a largo weighimay 
be raised very slowly by a alight exptmditure of power Two drums, 
or cylinders,' ditfenng but slightly m diameter, art‘ (^ntained on one 
axis, and a single coil of rope is wound m on^iosite dtrectioqs on each, 
ao that while it is winding on the hwyer eylinder it is being unwound 
from the smaller, and rtcf The nearer the diametm of the 

banoU approximate to one another, the greater the meo ha nic al gain. 
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with ctf ooum the loss in time corn)e}>ontlitig thereto. See 

^differential Principle. 

Chippiim —The removal of minute par icloe or chips of metal fitim 
Wfaituoe faces or from both m cant and wnnight iron, gun motah 

copper, &c. It is cfftx'UHi by means of a chipping chisel (q.v.J, and is 
resorted hi when the metal to bo removed is too large iu quantity hi be 
attacked with the file alone 

Chipping Chisel, or Cold Chisel. —A hxd used by fitters, boiler makers, 
smiths, and eiiguieers guu'ndly. It is made from steel rotl, ranges 
from 4 in. to 10 in or 12 in in length, for ditforont purjM>iiea ; its 
cutting faces an gn»ond to a double bevel to an angle of alx>ut 46'^, 
and higldy tcmjH ml. 1 1 is uhchI for rutting metal by tlio force of the 
impact derived from the blow s of a chipping hammer. 

Chipping Faee.— Thf face of a < hipping stiip pj \ ) 

Chipping Hammer — A httir’s hauuner A^eighing al>out a pound, ooni- 
monly UHtni to deliver the blows upon the head of a chipping chisel. 

Chipping Piece — A <*hipping ntrip (q.v ) 

Chipping Strips — Namov and thin metal strips east around the edges or 
across the fa('(‘ of tbohc portions of eastings where a good face hearing 
IS nm^sHaty, the . asting hniiiig its bearing upon the faces of the strips 
only Ihev are u^ed to lennen the lals)ur (»f fitting large xnntailie 
surfaet's Called ebif>pirig strips lxx'aus<’ they arc usually chipped over 
witli a ( hisel insti'ad Uaiig Hbap<‘d in a mat bint'. 

Chisel — Tb< fy|M' ttf the cutting ttsds, whose ihH*eitiul principle is that of 
the w»slge S|ms iheall) .--chipping, crt)ss-i ut, tinner, pjiring, mortice 
thiHtlH, «b‘s< riUsl und» r lie n rt qxs'tive ht adings 

Chisel Bod - Su'd nsl of a fiat scstion with roundtsl edges, made 
expn Hsly for the f'rgmg of cold dust Is It is out off by Uio tool 
smith and dr.iwn dt>w n to th<' proper wetlge s)uij)e. 

Chloride of Mercury S <• Kvanising 

Chloride of Zinc S t- SalammoniiM’, Jhiriictt’s Fhud 

Chope, or Chaps -Th« jaws of a vice 

Chord — Tile stnught lim* wliu li unites the \ ntls of an are of a cirolo. 

Chord Pitch - The jutth /■[ \ ) of a wh»*<l nuusurtsl along the chord of 
the ale U'tweeu the piUh jHiints Ak piU*h (q v ) is that usually 
empltyt'd 

Chords, X«ine of. -One of the ststorial scales (sec SoetorJ by means of 
which aiigh 8 are obtitinid and measurotl It eonsists or two diaj^onal 
lines, e4ich dii ided inb> ttixty ei[ual parts anti m/irktsi C. To obtain an 
angle tlnn fn>m tlie sector is ojK*rica out until the distance between the 
brass centre^i at the bjnui nations of the hues rx^nosponds with the 
radius of th(? arc of the eirt le to bf.* Uken. Tht.n, if under 00°, the 
direct measurement for tht t hold is taken across or transversely to the 
legs to those diMsioti numlxrH whith correspond with the number of 
dc'grees in tht' angle ie(juire<l If o\er OU’ two or more suocessive 
measurements are necessary 

Cho^, Seale ol — A -^ale of chords is obtained by sinking an arc of 90*, 
dividing it out mUi degree's, drawing chords from one extremity of the 
arc to (‘ach duision m succession, and transfemng them to a straight 
line. The 00’ division m the scale will always be the radius by wmoh 
an aro^ to be struck when it is desired to take off the length of any 
parttemar chord from which to obtain an angle. 

Chaek. — Any attachment through the medium of which work ia aeoured 
to the mandrel of the headstoek of a lathe for the puipoee of turning 
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commoiieit fomui m the fork, the hell or cup, the dnB, mI£« 
eentringf and faoe ohnoke in their raricme modificationfl. Tb^ 
made to M the mandrel by a female ecr^ which fita aoomatelj to 
that on the mandrel nose. There are, bei>)aea, the Taziona oomplkated ^ 
geometrio and ornamental chnoka vhhh do not oome within the range 
of the engineer^ appliances. 

dtttlldlig.—The process or act of attaching lathe-work to the various 
chnoks. Facile and correct choking is an art which, though appa- 
rently simple, is only to be attained by bng practice, and the economy 
ol a metal turner's time is largely depei^nt upon his skill in this 
respect. 

Cfhaofang Beamer, Straight Shank Beamsr.— -A reamer whose shank is 

droular and parallel, to bo used in a self -centring chuck. 

Chute.— An enclosed trough which conducts the water to a water- wheeL 

Cinder Bed -^^A coke bed Tq.v ) 

Cinder l^ps^. — Wire work sometimes placed in front of the tubes of looo- 
motbei for foreign use, to arrost the passage of fragments of ignited 


mt Pig.-A very inferior class of pig iron, obtained by smelting slag 
and oin^ of puddling or reheating furnaces, together with propor- 
dons of inferior ore slag is rich in oxide of iron, but contains 

a lar|^ proportion of phosphonis and silicon, which yields an 
5®}jMor piquet 

8 toi. — See Kinematics 

^ A plane figure dc8(3ribod by a right line moving around a fixed 
1 ^lied tlic centre . 

'0 laoh. — The area of a circle of one inch in diameter, af^iia- 
lished from a square inoh. The pressures in steam cylmd«|2A 
lontly oaloulat^ in circtilar inoncs To obtam the numbiM^' 
Lar inohes in a given diameter it is only necessary to square In# ^ 
Bter. 

r Motion. — Tlic ( irculur motion of a shaping machine is that 
iTOmoxit of tool box parts and feed gear by whicn the outline of an 
r a circle is imparted to the ends of lever rods and similar articles, 
fmioh cannot be shaixd in a lathe The circular motion is given by 
moans of an endless screw aotnaUng a quadrant rack on the tool box. 
Cimlar But — ^A nut whoso outline is circular instead of hexagonal. 
Oiroular nuts am provided with a round hole or holes for the insartUm 
of a tommy (a.v,), by which they are tightened up. 

Cimnlar PiUCiur Prilling Maehina. — A drilling machine in which the table 
embraoeaand swings around a droular piliv which carries the gear. A 
toothed rack is hollowed at the back to fit the pillar, and u i to d f 
embraoed by the table. Into whatever TOsition the table is dewed the 
rack it alto oazried round, to that the pmion which gears with it, and 
whkih haa its bearings in the table, is alwwys in gear, and always 
ihextiore in a position lor lilting the table. A worm and worm-wheel 
aotnato the dnion spindle. 

Olmlir Tltoh, or Cironttfinaatial Piteh.’— The ordmaiy method of 
astoating the pitch of toothed wbeeLs by dividing the oircumference 
at toe pitoh line by toe nombw of teeth in the vtoeeL The term is 
need in opposition to diemetral pitch (q.v.). 

Olmkr Pliiiai or Ctaptm Plaae.— A juane used for wotidng ofit hoIW 


aimpe whom curves run in the direotkm of toe length ol the plana. It 
IsaitoflrmiMoolwood} with its lace rounded longitudinally and pm* 
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vidad with a hmi adjottaUa stop to alter tha onrva within naaow 
hwiits, or it is an iron jdana whose face is an diastio strip ol steel, iba 
amount of whose onnre is regulated by a screw and interlocking leTWs. 

0 In this last fonn the oorre can be made external or internal at ]^easaro. 

ttmlar laW| sometimeo called Buss Saw.— A saw whose teeth are divided 
aroond the edge of a circular disc running upon a central spindle 
Ihese saws vary from a few inches in diameter to 7 feet. They are 
used chiefly for the rougher lands of sawing. Circular Bama are also 
used for cutting oft iron, both cold and red hot. Then they are as 
much as { or i m. in thickness, their teeth are short and square across, 
and their lower pc^ons run m water for cold sawing. 

Otrenlar Table — A oironlar cast-iron plate, which sustains the work which 
is being operated upon in drilling and slotting machines. 

Ctrenlar ViIts —A valve circular m plan, as ^tinguished from a slide 
valve 

dmlatiag Pump —The pump which circulates water through the tubes 
in the surface condensers of marine and other condensing engine|. The 
oold water is drawn through the tubes by the suction of tne pun^« The 
pump is worked from the engine itself, or from a separate engine. Some- 
tunes a centrifugal pump is used for ciroulatmg. 

dreulatiBg Tubas. — Ihe inside smaller tube in Field^s tubes (q.v*)* otj 
the oroM tubes (q v ) of vertical boilers, or Galloway tubes (q v.), or the 
ordinary forma used in multitubular boilers or in surface condensers. 

Qinulatira. — The circulation m a steam boiler is duo to the bubbling 
up of the lighter boiling water from the heating surfaces through the 
c^er water at the upper portions, which latter thin descends to take 
its place. The efficient oircmation of the water is necessary to the rapid 
generation of steam and the prevention of deposit and incrustation 
(q V ) It is promoted by the introduction of water tubes, so arranged 
that convection shall readily take place from thoir surfaces, and by 
keeping as small a quantity of water as possible below the heating sur- 
faces The circulation of water m a condenser is neoessarv for the 
condensation of tiie exhaust steum, and is oflected by tne circu- 
lating pump (q V.). See also JEiot-water Apparatus, Surface Condensa- 
tion, Jacket!!^ 

CtreumibraiiM.—- The ciroumfeMbe of a drclc is the lino described by the 
radius (q*T.) moving about the cenbe 

CimaffimtliU Piten.~-(1) This jdteh is, in a screw wheel, the distance 
between the points in which a plane at right angles with the axis outs 
two contiguous threads. (2) Circular Pitch (q.v^ 

Cleek. — That portion of a pump-valve or bucket which is lifted by the 
aothm of the water or air. It is made of leather stiffened with ]^tes 
of brass or iron. Applied more spedall^ to a flap-valve (q« v.). 

Oleek Bex. — ^The box or chamber m which the c^k (q.v.) of a pump 
worka, or that portion which contains the valves that open and dose to 
enetlon and deinvery. 

Oe m. — See Vice damps. 

Clam A daiqi nut (q.v.). 

Cfamq^. — damps are tools usea for bolding portions of work togother. both 
in wood and metal. 

C to mj i h il g flerev.— JUy acrew by which a piece of work or a tool k 
vim mi « held in plaoe. The seawws wldoli confine the otttlhig tom 
m 00 bin d in g etii^ of piming and diapiag nmchiiie tool hostm are 
iJInelmiliiime ob fdaen^ing ooiews* 
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OUurkff ProMM. — A proc^ which has been adopted to a Hmited extent 
for the purification of the hard feed-waters m steam boflers finn^the 
lime held in solution It depends for its cyfficacj- on the action of lime 
on carbonic acid, with which it readily combines. In water which con* 
tains bicarbonate of lime m solution^ the lime is held in solution by 
the carbonic acid present, which boniR’ driven off by boiling* deposits 
the lime on the Ixjilc^r plates But if hrao bo added to the water in 
sufficient quantity it will cemibme readily with the carl^onic acid, neu- 
traUziug it, and will Ik) precipitated as carbonate, together with the 
carbonate distfmgagfd by its action. In the earryiiig out of this process 
tanks have to be providal for the filtration of the purified water. 

Claip HaU.-^A malli •able iron nail, rei'tangular m section, whose head is 
formed by two opjMiHite projections pointing downwanls Used by 
pattern -makiTs for the bmnorary lioltbng down of segments when 
bnilduig uji work, the toughness of the wrought iron jiermittmg of 
tJioir extmction after tht^ glucni joints have set 
Olaop Hut - “The movable nut by which the slido-rest of a screw-cutting 
lathe is put iub» connection with, or reh'asod from the leading screw. 
It is worked by a cam plate i%hcn double , by an eccentric pm when 
single. BoinetinicM U^rmetl clam nut and clip nut 
Claw Coupling - A hKtw* couj>hiig (q v } us<>d in cases where shafts require 
instant wmiHM'iion or disconnection It is somenhat similar in outline 
to a flange <H»uplmg (q \ ), but insU^ad of lieing plain, ]>roj(>ctions or 
claws an* east ujuni ea<b fa<e, wbnli engage iii < orTesjionding recessc's 
in the fui'CM ojqHwite The dims usually iiumlKT tw^o or thrt'c Tlie 
coupling IS thrust in and out of gear thnnigh a inn or u fork taking 
easily into a groove turnnl iii the t in umfereiice of a bossed up hindtr 
jKirtion. It is ofb’ii t< nmtl a < law clutch 
Claw Kut ~ The ilasp nut (q v ) of a lathe 

Claw Wronch A wnm li havniig a Imiso jaw, piv'obd m such a manner 
that its lute iucri’ams witli the prt'-ssui'e put uism it Its principle is 
that of the pqw w rtmeh (q v ), and it is umchI both as a spanner and 
lUso for pulling the ion) rods and wires out of tastings in the task of 
fettling (q v ) 

Clay. — Kasontially a siln^ato of alunutuum resulting from the decom- 
position of felspar Used for making bm ks, clay wash, and clay 
water, for the linings of furnaces and ladles, for stopping tap holt^ 
and making crucibles, its value consisting m its plasticity, its quality 
of hardening, and its refractory uatun' 

Clay Band.- -A cwbouate of iron mixed w'lih clay It is mmod m 
Staffordshire, Yorkshire, Derbyidiire, and South Wah^ Its nim- 
mwitum is v'anable It w tlie chief ore of iron worked in Knglaud. 
Uallixl also argilhuHnuis iron ore, and clay iron-stone. 

Clay Xron-itone. ~ Sih^ Clay Band 

Clay Pit. - A pit from which the clay used m foundry operations is dug, 
day Flug,Siv Plug 

day Wi^t or Clay Watar.— A solution of clay in water. Used in 
fbundry wrork for painting over the bars and lifters of moul^ng boxes, 
to oause the adhesion of tlie sand thereto , and for cores. 

OUy Watar.—See Clay Wash. 

daading.— The covering put around a boiler or engine cylindar for the 
purpose of preventing tke radiation of its beat into the Burrounding 
atmo^ers. The omading eonsists of wood strips tongned together 
with hoop iron, and bonded with hoop iron or bn^ O&m tidn ^eet 
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hm fe mlwtitiited lor the wood oleoding. There is a l)eiwGen 
lie boiler or cjlinder ttad the olefkdiog, hlled with £elt« or edmilar good 
iioa*oonduotuig material. See Lagging. 

tton Boiler. — A eteam boiler free from inorustation, Roalo» or muddy 
deposits 

Clean Caeting.— A caeiing having a clean Bkin (q v ) To pn>duoG a 
clean casting, the mould must Ih) pi\qx‘rly vented, sand Buitablo for the 
nature of the caatmg muat bc‘ used, and the surface sli^ekeii ovt,^ with 
plumbago. 

Clean Cut. — A cutting tool im said to prtHluee a clean out when tlie imt 
surface is not gnxjvf^, or wa\ v, or ndginl, but continuous and smooth. 
The cleanness of a cut denendH on the prn|)er euttuig angle la'ing main- 
tained, on the dcgn'c of fon'c applits.! to the t«H>l, tOO inueh presMuro 
causing rough cutting , and partly on the naturt) and lioinogcneity of 
the material it^ndf 

Cleaner. -A moulder’s bnd of steel or bniss, used for 8iiu>othing and 
dresaifig the various irregularly shaped iKirtions of sand moulds Tho 
typical c](*ancr is a thin long flat tool, its blade running in a longi- 
tudinal dins'tion, while a short end is tunuMl up at right angles tliertilo 
Tlie lattiT H list'd as a hfbT Tlio t<»rm cleaner is applied to tools of 
various shfi|M*H 

Clean Fire. — A Inuler tiro^fn*e from clinkers and ashes 

Clean Hole. — A hole whifh is ilnllod or IkuxmI without showing a wavy 
or ndgisi outline (’lean drilling is <ti«s ted by having a drill properly 
gnaind, and hy enttiiig at a detiiiit4* sjmshI, and at a lutslerate rate of 
fctsl (Uilv Cle.iniu'ss of surface is imrtastsl by broaching or rymciuig, 
or hy lapping 

Cleaning.--! Engines and machines are deainsl hy nibbing ovci their 
bnght portions with sjHuige cloths ((j v ) or waste (t\ v b and oil 

Cleaning Up, Sm(S)thnig over the Hurfa«‘e f>f a li>undry mould with 
tn>wcl and thauers, and hla< keiiiiig in readirn sh for closing and easting. 

Cflean Lift — Wlicn a patbm is witluirawn or liftinl from a foundry 
mould, the lift is said to l>c clean when tho (sigrs and sides are not torn 
away, or are torn away t*» a verv slight exb nt only. 'I'he cleaner tho 
lift, tho letm the amount of mending up necjc'ssary. 

(?lean Xetal — AppluHl to metals in geuonil to indicato tlie alisenco of 
seonae, m urf, scale, oxide and similar foreign matters which detract 
from tlieir value us metals 


Clean Mould. - A foundry mould which is projMirly sleeked and blackened, 
and from w hit h all hxsio particles of sand are removed, m readiness for 
closing and caisting. 

dean Scrap. — Forgtsl scrap, from which all traces of cinder have been 
removtsl by hamnuTing 

Clean Skin. —A lasting or forging is said to have a clean skin when its 
exterior surface is free from scabs, pits, blisters, or other excrescences 
or digressions 

Clean lliread. — Tho thread of a screw is said to bo clean when it is 
smooth and sharp, instead of being ragged, imperfect, and coarsely cut. 

dean Water. — ^The feed water of boilers is saia to be clean when it is 


free from mod and other visible sedimentary matters. CTlean water may 
nere rthetess be hard, and produce scale, though not muddy deposit. 
Cl en reie e. — A term in frequent use, moaning genera^ Urn amount of 


^Mue. open or fr^ b e t wee n oonttgooue pa^. Thoe olearanoe of 
whetta m e a nt the space between contiguous teeth, ole a r enoe of brasses 
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tlie Kpftoe bctweea tlidr ihoulilen <ir flaog«s and the coUan ^ipoa ihds 
liiafta Clearance of ateam meana freedom to exhanst The ditfer* 
enoe between the distance acroH the flanges or throats of railway 
wheds and the gauge of the rails, is also termed clearance This i# 
equal to |- in or 1 in , and is neoesoaiy to allow of end plaj in numing 
ronud onnres, and also for maccurscy in the rails 
Cl— woe IngU —The an^le of relief (q v ) 

Otouiag Hole — The term is used in opposition to tappmg hole (q > ) It 
sigiiifles a hole full to the specified sue, so that a turned stud or bolt 
oftho same nominal diameter will passfrcih >et closely through it 
01— r Cdls, or Pale Oils — Lubnrating oils whuh hare b«n subjected to 
flit— ^n and purification to free thim from their dark natural colour 
See Black Oils 

Cleet — A block of wood which famishes a steady point of altachmeutfor 
a part of a structure, as a batten 

Olldl — A shake in a balk of timla-r which is radial or running along the 
course of the medullary ravs 

01— ohing, or Clinching —The iurmng and hammering over of the pomts 
of naiL) against a wood fate to secure their adhision under rough 
usage The cUmlung transforms the uaila into rude dumps 
Cliek — The detent or cabh tif a small ratchet wheel When of large 
suse it la termed u paul (q v ) 

OUok ^IHieel —A small ratclut wh4>tl (q t ) 

Clinching —See Clent hmg 

Clinker — The slag or Mtnfiisl material w hu b ae< iimulatee from the fuel 
m a smith’s or a lK>i]cr fin 

OUnksring ~~The pirxslKal niiifiial id the (linkers fmm a smith's or 
from a w>iler fin 

Clips -(i) Slight eastings pro\ tried with side flanges or ears place!d on 
oppewlto suhw to oar h otlur The clijts are < urved between the ears to 
embraw the outside of a hose pipe, and are used to effect a rapid 
union ladwoeii tin* hosei and the metal iiorzles The flanges are cast ui 
brass, and ( hisjasl toge thcr w itli et rew Isilts (2; Thin, flat, rectangular, 
waaher*like rastmgs, or more gtnendl} (ustings haeiiig one end 
rounded, and nxcssenl slightly on their front, <»r straight edges, to 
( Up, or po\er the edge of the flat bottom flange of a rail A fang bolt 
or a spike pas(a>s through a hole in the clip, enabling the latter to retain 
the rail in phue 
dip Brum.— Boo Chp Pulley 
Cl^ Hut. — See Clasp^Nut 

dip Pnllsy, nr Clip Dnuu — A ro}>e pulley whose nm of a vee-aection, is 
oonstruct^ of movable clips inatoad of ngid aides The clips sre three 
or four inches long, and are hmgvd on pins whose axes are ranged m 
the directing of tlie penphery of the pulley The po6iti<^ of the pma 
are such that when a rope bites between the clips the eff^t is to poll 
them tow aids twoh other with the result of inoreasiug the bite of the 
rope, the amount of which bite is, therefore, m direct propmiion to the 
piiU ot the rope CUp pulleys are used for hauling at steam ploughing 


(linkers fmm a smith's or 


>laLed on 


mpe, t 
pi&of 
imii]— I 


impkinents, for mines and inclined planes, and for the transmissioa ^ 
powrer through long distances, espeoally in those casM where winding 
drums are not oouvement 

Ctoggiif The thideemng of labnoatmg mis due to tiie absoqpfeum ol 
oxygen, and to the preee no e of d— t MachhmTls —id to ctog wh- 
ite lubrieatiiig oil beooawa thick «nd diy 
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QMMt italErtoM. — ^Tha stokehold of a steamer which is dosed to all ad- 
of dr, save that whidi is sappUed throii^h blowing fans. Dw 
adrmntam daimed for closed stdwiolds are increased d&cienoy of 
^boikars, due to the more rapid combustion obtainable, permitting of a 
dudnaikm in their bulk, and the exact adjustmmit and nvulanon of 
the air suppljr under ^ftlm weather and in any direction of the wind 
Oless Oniasd — Iron is close grained when its crystals are of modnato 
sue and densely packed Tbe term is, however, relative, sinoe all heavy 
castings which are not cast under pressure are somewhat open aiM 
porous in their central portions It is customary in qieoiflcations to 
stipulate for close-grained iron for special classes of work, as, for ex- 
ample, en^e cvlmders and 1 right workinn parts Timber is dose 
grained when of slow growth, as evidenced by tbe small sixe of the 
annual rmgs 

Close Link Chain —Ordinary open Imk chain, the length of whose links 
dtx« not exceed five tunes the diamctei of the iron from which it is 
made Its width is three and a -half diameters Called dose Imk to 
distmguish it from circular Imk cham 
Close Xonth — Applied to punebmg bears and punclung machines which 
are open back and front for the passage of ban, but closed at the sides 
I'sed for nils and bon The term is used m opposition to open 
mouth (q v ) 

Close Top]^ Fumaee — The modern form of blast furnace m which the 
month IS closed by a tup or cone or some other suitable arrangement, 
the waste gases being Ira down to heat tlie blast 
ftliistiig Hammer — A bammer used for cbising the scorns of boiler plates 
Closiag Vp — (1 ) Tbonvetiug or bumng o\er of a nvet brad, either by hand 
or by hydraulic pressure The lenf^ of rivet rfcpurt'd for tlosmg up 
in band riictiug is 1| tunes the diamthr, fur snap head and raiiKHl 
rivets , otioe the diameter for tounterstmk nvets, and a triflo more than 
these, an ^ m or ^ m m machine riveting (2) Coicrmg up or 
placmg on m the top box or cope of a foundry mould m roodinoss for 
casting 

Clothing — ^Ibe U Itmg and wood covennn placed around steam pipes and 
boilers to prevent radiation and loss of neat therefrom See Cleadmg 
Okmt Vtil. — A strong malleable iron nail, haring a large flat he^ 
Used far fastening leather on wood These noils are also often 
employed, after cuttmg off tiieir beads with a cold chisel, as pms for 
seounng the cogs of mortme wheels m place 
dmtah.— The medinm by which a temporary connection is made between 
sqiante qnndles or portions of sb^tmg It may be a claw olntcb, 
having clawa, two or more u number, which take into corresponding 
leoessee m the opposite h^, or it may be some form of smooth fokrtion 
elaidi ^v ). Auo termed disengagmg couplmg 
Clybuns i pe arnsr * — ^An adjostable spanner, ime of whose jaws receives 
movesoent by means of a screw and milled head 
Osaek leNW. — A wood screw with a coarse vee-thread and asquare head, 
used generaUy for bdltuig timber woric together 
Osal— Used m smeltziig operatnma, for engine fires, in the manufactnrs 
qfooke, for mixiaig with foundry sands, aim for foundry blacking Goals 
an anthracitic or ntnaunous, caking or non-oakuig 
Ooallas.-^f) Hw box or bonker whieh oaznes theooal ina loomnottve 
vhkhla not provided with a tender (2) 1[1ie trooph or raoeptsde for 
the eoal used to tho nnitb*# fim 
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Coal Boaku—Soe Bankor 

Coal Ihift— (1) Ordmaiy coal pnlvcrlxed in a Uaoking mill It is Ised 
for adnuzt'ire with foand^^ sand to the extent of 8 OJ 10 per cent. 
Whan coal becomes oxvnxed the saud is said to lie bnint (2) Used 
also for facing moulds, ^th as a dust and m the form of blow wash 

Coal l^UL—See Blaoking Mill 

OearM Food — The feed of a mat hine tool set for heavy ontting The 
term is relative, but in ordmary light work anythmg orc^ iV would be 
coarse feed In massive work | m or 1 in food is common 
OoaXM Fibre —The filire of wrought metal which is largo and rough, 
indicating a low tensile strength 

Oaarte G^ain — ^The crystalliyatiun of mt tal when the ciystals are of large 
sh:o 

Coarse Grit — TIk texture of an emery-whetl or grindstone whiih is 
suitable for lougli grinding onlj 

Ckwree Hard —A i Uibh of tnnm -v heel used for edge grinding, for tnm- 
ming castings, and in gj ncnil for rough work. 

Coarse Metal -Sm t^op^wr Matt 

Cearee Fltob —The pitch or si/c of wheel teeth considered m relation to 
other teeth 

Coble Oree — Ilea roi)])tr ores (q \ ) imported from Cubji 
Cook — A cj^hndnial valve, ('onsiMtiiig t •eti-ntial)}' rf a shell, plug and 
cover A paa<ige-waj is fomiwl tlirough the plug, whuh being 
brought opp>)site bi tin (iitninu and disdiargo ojmiitigs, uIIowh tlio 
fluid b» puv through \S heu the pIug-ot>emiigs are brought oppowto 
ilie blank walls of tin shi il llu irsk is ( himHl t im ks art of various 
kinds, UH 111, flangiMl, gland, stsket two-way three way, four-way 
dcM('nlH<d m tiuir ac'ttious Soimtimts the Unn txxk is exUndud to 
inolnde any valve w huh is o^miumI or chised by hand 
Cook Metal — Htmietimes ust'd to di'signatc tht metal used in thever} 
onmmonust hrasswork, as thi chiujxr class of tocks and valves 
Ooek-wbeel -~8«<e Idle- whet*! 

Ooefieienti — (1) Numcrual valutw diHliuod from exponmeuts, and used m 
engineering formula and ealrulatiuns Henet there ore coeftit lents for 
fnotion, for elastu itj , for Uuihiuu, for the flow of water, dc Thus, for 
example, the weight neccMwarv to elongate an elastic bar of any material 
and 01 imiform section tti double its length is colled the coeffiuent of 
clastiut) fttr tliat mattnal (2) Auj fat ttvr or fat tors of an algebraical 
prodvv t ngtmUxl in relation to the oUicr factors If a figure, it is 
called the uumirual ctH.-fticient 

Cog —The tooth of a g(«vr wht*t 1 More prttperlv used to distmgoish the 
wotalen h'Oth of nuutice-whetls from thtise of iron 
Coggad Bloom.— A l>hH>m or imde mass of sUhI whuh luts been passed 
through tlio oogguig mill lu reodmoas fur rolling into rails or other 
acK.<tions 

CoggiM —(I I 7%o fitting in and working of the oogs of mortioo-whcdo. 

(il Ine rolling of steel blooms from ingots 
conriBf — An ordinary raii-mm engme used for dnvmg the 

oomngmUl 

Oogpag UU —A roUmg mill m whibh steel Uooms are rolled out. It is 
similar to a blooming null * 

Oogirimel — A toothed wheel Sesnetames naed todutangoidiai 
wheel (q T } from a wheel whose teeth ore of inm. 



MBCHANICAL ENGINEBRINQ, 77 


fttlittiTt ttnutku — TIte •trength ol a matenal ralBting &>ra«i tending 
to%npture toucicm 
OaHaS ipfiag - A gpiiml spring (q ▼ ) 

OtQa.— Cotla of iron piping oon^Tying steam are oaed for the heating of 
worinlu^ The inpee are oftm prorided with rugs or ooUars, large 
and thu, for the better raduiUou of the heat 
Oeha -The solid residuum produced by the destructive distillatian of 
coal It is either a residual product of gus-mahtng, then called OM 
ooke, or the chief product, and termed o^en coke or hard coke Ino 
maldng of oven coke is sentu tunes porfurmi'd u kilns of reotaugular 
shape, but usually in ovens The tiechiio ovens consist of a row of 
ehatnlx^ which are either circular or 8((uare, and us much as ten feet 
in diameter u some cases The coal is nhargv'd into these, and the 
heat necessary to cfftH^t its decomposition is obtained by passing air 
over the upper surface of the inoandoscent pile, so that the pnxjosa of 
coking is erteeted downwards and ui^ards, from the top of the mass 
EssenttellT the objects to be oblauod are, the utrovluction of a proper 
amount of air to bum the gases, hut not the carbonaceous matters, 
imiform and rapid coking and tlio prevention of loss of heat by 
rarliation The l>«hiv« ovens are Umse ihirflv used, but Apjxilt, 
Carvis, CopiM% and rtmol* t ovi ns art also « mjiloyed Sulptur is the 
most deleterious body present in roke, and ono whiih cannot be 
removed b^ any pro<tss at present known A gisid 'oke should be 
hard bnlluut, ciystallme, free from sulphur and from dark and dirty 
patches. 

Outs Basket ~8eH< Mouldi r’s Basket 

Oeke Bed —(1) l^e first layer of coko which is introduced Into a cupola, 
previous to th* throw mg m of the iron Its w« ight lieais a defliuto rela- 
tion to that of the tnm to Ik mc1U'd,butvaruitwitl) the condition of the 
furnace (2) Before moulding and casting pieces of work, plates, d;o , 
having large mipcrhcus, and which are be<id«‘d in, provision is made for 
carrvtng off tlie gas generated in the mould ly means of a coko bed 
Thu ua porous stratum of coke and (linker in pieces ci various sizes, 
laid to a depth of several imhes IkIow tlio mould, the porosity of 
which allows the gas to escape as into a reservoir, to be drawn on by 
vent pipes (q v 1 

Ookt Ini^ — Usea by mnuldt r« tor the same purpose as coal dust (q v ) 
Oeke fnrBaee —A blast furnace m which coke is used as fuel 
cake MilL-See Blacking Mill 
Oeke Oven —See Coke 


Oeke Plate — Tm plate for which the sheet iron has been n'fined with 
odke, as dutinguiidied from chanoal plate (q v ) ** Coke plate " now 

eomnumly refers to plate made from puddled iron This is inferior to 
charooa^late 

Oold Air Maekiae.— See Refngerator 

Oeld Bead.— See Forge Test 

Oeld Blast.— Iron smeltmg furnaces were ongmally universally fed witli 
a current of air at the ordinary atmosphe^ temperature But in the 

C r 1828, at the Clyde works, Neilson introduced the mictioe of 
ting the blast bnore feeding it into the furnace Hence the 
dutmgni^ung term “Cold blast” as opposed to hot blast Iron 
produced under the old system is called ** cold-blast iron,** ai^ is of 
superior quality, and moi^ sought after by iron founders for scrap. 
OMd-Uaet IroB is now made to a very hnuted extent only, and is 
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mtpeiulTe. ito manitiMtove befan^ confined to nbont s doasen finfi in 
the Kingoom 

OtU mnrt XMv -Soo Gold Blast , 

QolA CideeL— A chipping chisel (q t ) The term is probaUj osed to 
^eUnguish it from a tonith’s chisel used for hot iron 
Oold lion finv — A circular saw, thick in proportion to its diameter, 
having diort teeth, sharpened square across the edge of the disc It 
nuu at a slow sp^, and is usually driren by power, though saws 
worked by hand by the intervention of bevel gearing are m use for 
portable purposes A small circular saw is employed for cutting slits 
In the heads of screws, and other articles where shallow and narrow 
grooves are required 

OeU livetlnf —^mall nvets in thin plates ore liammered up without 
bei^ heat^ in the fire, hence the term 
Oold Itollod — Bars and plates rolled without bang pres lously heated 
Oold Bolling — The pnu tico of rolling iron plates cold produces a mate • 
rial having a high tensile strength, but witn a corresponding sacrifice of 
dnetilito and toughness Its effect is, therefore, the n verse of anneal* 
ing Tlic surface of iron when cold rolled acquires a greater smooth- 
ness and polish than when rolled liot 
Gold Band — See Hot band 

Oold lowing “-Tlie sawing of iron while cold with a oold iron saw (q v ) 
Oold Bet — ^A smith's sf t, or ihiscl>like tool made thicker than the hot set 
(a V ), and UK(d for nicking cold metal 
Cold BMrtnosi - Tliat condition of wrought iron and steel in which it is 
impossible to work it below a dull resl heat nitbuut fraiturc or crack- 
ing St the edgt s, by n ason of its brittleness nns condition is due to 
the prest nee of phosphorus, aim on, arsinic, and antimony, the first 
named Inung the most common cause of the quohtr dtsinbed 
Oold Bhorts — 'Ve Cold Short 

Oold Bhort ~~(1) Wrought imnorstenl haviug ilic quality of cold shortness 
(3 ) (-) When cast m< tal pours dt'ad or thick it sometimes happens 

that in those portions of the mould where the mass is thin, or comes into 
coutiiot with the sand, tliat section of the metal will, if poured too slowly, 
soon began to thicken and partly solidify so that the metal which 
>*omes after does not ainalgaiuate properl v therewith, but forms instead 
on imi>erfce tlv united conUguous or supenmposod layer The lurfaoes 
in contact form a “ cold shut ’* and complete fracture is always bwMa 
to take place there Bunning short of metal in the ladle, and sli^t 
delay in emptying the contents of a seoond ladle into the mould, ismso 
a fruitful source of cold sliuts Also termod cold shorts and cold diots 
OoU Tnta. — The testing of the tensile strength of iron and sted bars and 
plates, by bondmg, while cold, to a certain angle, both wnth and aoroas 
the grain wiUiout fracture 

Oold watar Punp — An ordinary lift or force pump, as distinguished from 
a hot water pump^ v ) 

Oold Wator Toat. — Tlie ordinary hydraulic test, for preasure only, to 
wUch atsam boilers are subjected, as distinguished a hot ^ter 
toatfqv) 

I.— The 


failure of a tube or cyhndeT due to the streaa of presnue 
an^ed axtomally * 

OollitpriMo OoM Bar —See Core Bar 

OalU pi i n g Bmookto— T he Meesaxo which, «p]diod to the outaideof a 
taba, eanaea it to fail by hoidiiig or onuiqdiag iBwarda. usual 
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it IbM nlennet io tlie taboi ud fii«*boxc« of ctean 

Owfeini 

-.A nn^ fonned on a ithaft, either hy forgioi? itdid, or bj 

•beuiff made ae a wporate cavUng’ or forgii^i boivd or turned, and hdd 
in place inth a set sorev or a split pm Ihc use of a collar is to pre- 
Tcntendloiig plaj in the shaft by providing a that shall work 
against the beanng danges of brasses, or to retain loosely running 
mar, or gmr not otherwise i oithtitnl enda a\ a, in place rtlatively to the 
hmgitudmal direction of the aliaft 

Itariaf — A bearing pinvided with several rings or collars, io take 
the thrustof a shaft (see Thnist Bearing^ or in the ease of a vertical 
shaft to provide adequate surfa^ es fur lubri<atioit 
Oallar Oaafs — See Cvundncal (lauge 

— The clinging to and wrapping of a ndled l>ar around tlio 
bottom roll of a rolling mill Sec Stnpping I'latc 
OaUnr Tosla —See Swage Tools 

Onllactiag Taasel — A cylindnial vessel eiu loscd in a steam Imiler for tho 
purpose of cs>Ueiting tlin muddy ingrulients ouiituined m the water, 
and which would otlicrwise prcKliico sialo and cause incrustation The 
voMol u perforated to admit tho water which bubbles over into it, 
rarrving oirr also the sediment, the last settling down into the smooth 
water within tlit \ciwcl, to be suliseqiieutty blown out at intervals 
CoUrt. — The disc or ring, as tho case may be, by wliu li screwing dies are 
htdd fast Also the clip bv w Inch nuts are htld in u screwing mat hine 
Colour Bnuhot — The brushes usi d by draughtsmen are cumcl hair, 
Sibcnan or sable hair, mounted in crow duck, goose, swan, or oaglu 

S uillft, their value iiu naming m the sanu order Hoc Broad Brush, 
oftencr M ash Brush 

Ooluubior Drawing Paper -A paper measuring in by 24 in 
Oelnaa — A column may be < onsidt rc<l as a Is am stt on end, and 
rcceiitng pressure in the direction of its longitudinal axis But the 
conditions of these \ary with tho length (See Long Column, Short 
Oolomn ) Tho rcHiataiK e of a colutm to flexure is dinumshed by 
rounding Uu ends, increased by flatb uing them, still furthex increased 
bv extending their area, and by fixing thorn t>oth 
Otwbiaattea ndipar —A caliper piiobd near the centre of the two legs, 
making thus fotir movable ends Of these tho tno to the one side of 
the pivot are used for inside, and the two on the other for outside 
measuroments 

CembifiatioB Ckuek -A universal chtuk (q v ) whuh is also endowed 
with the property of independent action of the jaws It is tho gesuvsd 
form of chuck principally whie h is made for combination by a cam move* 
ment tbrough which the pmions are thrown out of gear with the rack 
Cnabinatlea Gauge, or Oenponad Gauge —A dial gauge which Las two 
sets of registers, as pressure and vacuum, pressure and head of water, 
{ireasure and beat of steam 

Cssa bi aa t i o u Kaehiites, or Compeund Machines — Machines designed and 
adapted for po'fmming several different processes, either at different 
periods of tune or simimaneotislr 

G cm ki aed Ourbsu — Csrbon which has entered into true chemical oomldaa* 
tton with fjpm to form white iron, chilled iron, or steel The oom* 
pounds so fanned are sometiines termed carbides of Zron See 
^ Qnphit ic Carbon, 

Soperiwated steam (q ▼ ^aadwet steam (qr ) ailewad 
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to miagle together before uee It u advsotageooe to etnph^ steam of 
thu ohamcter m order to duniimh the erils m boiler oorrosKm oi^the 
one hand, and of pnmmg on tho other Its temperature should not 
exceed 310’ F 

Ooaib Tioola. — Chasers (q v ) 

Cembttstibla Kixtura ~ 8ec Charge 

Oombnstioa — The chtmu^il union of bodies with ox>gcn It is aecom« 
panied by tho evolution of heat, somotiines, though not neoessanly 
with light, since the slow rusting or oxidation of iron is combustion as 
truly as tho vaponsation of a Tn(>tal in the electric art Combu'^tion 
resiuta m various well*d( fined prcsluc ts (Sec PhhIik ts of Combustion ) 
Tluiro may bo partial or oomph tc coin)>ustiou (q v ) Tht Ians of 
combustion rm ne prat tical a})pli4 ation in rah ulations Inaniig on the 
air supplies of fumac{«, fuel, hro'grate anus, calonhc poaer and 
intensity, sjMsiflc luat and kindred siihjMts 
Combustion Chamber - That ]H)rtion of a l>r»ilir flue in nhuh the hot 
maes are burnt It is aituatcd between the tirc'graU. tuid the smoke* 
flue proper 

Combttitlon, Produotl of -See PnaltKis of Combustion 
Coming to nature — A tt nn usc<l by jniddh rs to signify the stage of tlie 
aooession to th)> ]mst\ condition of tlie Itall of iron midcrguing the 
operation of imddhng Also < uIIchI dr^ mg 
Common Jaw Cnuok — A latlu fatt chuck whosi* jaws are stepped in three 
sections, that laing thi oniunrv fonn 
Common Balters - The hghu r raftc rs whu h he be tv ecu the pnne ipals or 
pniicijHil raft* rs and i mss tin purlins in a r<Mjf struc turc 
Common Slide Valve 'I hi ordman plain l)>siidc lahc m vhich tho 
amount of npeniiigsof the j^irts, iwiUi for stc'am and exhaust, arc equal, 
as distinguished from the exhaust relief vaKc ^q \ ) 

Common Thread — An ordmaiy hitwortli screw thread as distinguislied 
from a gas thread 
Common Tin — See Boihng 

Oompaee — A draving instrumiut used for measuring and irunsfeirittg 
dutbmees, anti fer dose nhtiig ares and cm It's It consists of two legs 
moxahU aliout a st'ttor joint The hgs may be single or double 
joiuted, and may tatii be an uiUgral portion of the compass, or one 
may be renio% able to jicrmit of the sulatUtution of separate legs for pen, 
pencil, or point, and fur a longtliouing bar (q t ) Workmen’s oom* 
jiasHcs are' eithtr made plain v ithout nn\ means of tightening or setting 
minute 1^, or the^ are viug mmpasM's Ne'e alsti Btiws, Dividers, 
Jloir ComjMiss, Spring Rows, PrujHirUonal Compasses, Triangular 
Comjtasst's, W holes anti lialvts 

O o mnM S CaliMr — A m nbuig to«>l ha^ tng one leg cahper shaped, the 
other strai^t like a eompmut and poiiiUd It is used for scnbing Imcs 
from the end of a piece of work the curved leg being idid along m 
oontaot with tho end, w hile the {Miiiit of the straight senbes a hue 
punllel theri'with 

Oompus Saw — A short narrow saw, tapenng towards the pomt, used for 
cutting Bwe^ and curves bv hand Sometimes termed a table saw 
Oampaaiatiaf CoUan. — Annular rmgs or collars inserted on the i^midlea 
of drilling maohmes between the fem screw and the grooved iqpmdle, to 
farm hata wearing surfaces, and by whose adjustment thb wear of th« 
spmdk and oottars can be taken up 
Qflim)lamnt.->-The oomplemeut of an angle is its iiSmsan inm 90*. 
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AHolfto OiOAmitioiL— CamburtioD, where dl the elemente ootktmfaic4 la 
Ini, or m gaaeooe ohArgee enter falljr into ohmucal oombinAtin with 
ntmoqiheno air In chemical Ungua^ their atoma are fullr nttsfled. 
*The regulation of the fud and air aupplj of fumacea would, for 
eoooonucal reaaona, approximate aa nearly aa poaatble to then oondi* 
tions 

Coaipomast — ^The components of a force are the \'unous force# whkh 
combine to make tl e r<>anltant (q v ) 

CoBipo#itio& of Forcdi Hie or ruethcHi of aacertaining iho resul* 

taut (q V ) of H Horu «? of fon fr^^m u (NioKulorntion of the niagni* 

tude# and dinx lions of foiu^ It h t U^\ eitlur bv oaloulaticii 

or In a gmpliu m»thod, lim-^ biiiig dranu mIioac relative length# 
npnwnttlh nia^nituiltH indnh dim n j>rotkiit the direction#, 
of the lanotiK bvn t 

Oompotilion of Lever# - ( onqH^nnd \ < r 

Compound Adjutage# - tdjTiti^i^ (lu sliaix of the pipe jm modl- 

htnl UK n ihi ih« of liquitl tin lu id ritnuniUKtlu siiiuo Boo 
\ cna ( ^uitr u In Sloiithpui t 

Compound £ngme \n ingtnt 4tirt|irKin^ tvio or mon < vlindi ra with 
thfir parts llu Httuiu afr* r work in tlu siudliroi high pns- 

HXXf\ Mliiuhr^ H allowtHl to ixhan^i into u ]tug<r oi h>w*preHMtiru 
t>liiidtr or < ylnuh rn ami 1o do nni fill woik uiuhr (xpaiiHion The 
ad^antagi obtiiiiud is th it tlic irrcgularitv of motion ana the hqnofac- 
tion of sbam which nr wlu n the vaniitioTiM of iintiul and bnniual 
pn^urcs an (onfiiuMl to inu lyliiuh r, an mimmisiHl h> dividing them 
among twf> or lUfin i ) limit th, ho that Ixdh pnnHure and bnipnratum 
hcc^imt more csjiuiIiiH*d High ration of fxjmnHion are also obtained 
wiUiout Uie cmploymi lit uf comnluabd tut-off gtar 
Compound £xpre##ion — Vn Hlgcbrau^l ( xpn^ion conHisting uf more 
than one term Omipound oxpn*a«i(^na c^mHiHling of two, throe, or 
more bnas art calhxl huiomial, triiiomml, and mulUnoiiual reepoo- 
Uvelj 

Compound Oaug# Soe inatioD Gauge 

Ownpounding - The addition of a low prcHsiire eyhuder to an ongina 
which has hitherto a higlnproeeure evlindir oril^ 

Compound Lrvor ~A H\»Um of Icvini by wiio#o combmation great 
powtjr is developed within a roetneted iqwe, the mediauual gain 
equalling the prraurt of all the long anna divided by that of all the 
idiort ana# A touting laa^hino (q v ), a whtd tram (q v ), and a 
weigh bridgt q v ) atf< nl exampk# of comyiouud lever# 

Ownpeuad Mnchine Sc Oombmatio i Mi huicn 
Compound Oil# — rhe ah miag( of a (omixiunJ oil i# IjcUtved to oonsiiit 
m this that ccrtuiu advauUgtx uf Kingh oil#* an gained nnd their dia- 
adrantagfw neutrali/csi, thiui^ an anm^ oil alone in liable to derelop 
amd, to the coimeauent corroaiou of the bcarmgs witli winch it i# m 
OQ&tact , a vegetable oil alone i# apt to dry and gum, or bocomo aticky 
yd clc^ the bearing , a mmeral oil alone i# oanally tbm, ha# a low 
and U Uable to become equeezod out and evapemted or 
v ol nn H ied But by a combination of the three, the body of Ihe anltniiT 
<nl 1 # retained wfaite it# tendency to decomjvmtion i« leMened, the good 
lubm'ating property of thf vegetable i# utiliml without much gumming 
takmg nla^ and die flashing point of the xmiKTal t# raised or coon- 
ieracted, while it# ftuidity and its cleuiuiiig action are utiliaeiL 
Oompaand Smav — A differential icrew (q v ) 

o 
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Oompottad llidiiig Table, or Compound Table — The taUe belonging to a 
machine tool which is used for bolting the work upon, aiul prcmded 
with at least two moveir nts, one longitudinal, the other transrerse 
Commonly a circular movement around its vertical axis is also mduded 
The table of a slottmg machine furnishes an illustration of such a com 
bination 

Compound Stress — A stress of two kinds acting at a single tune upon a 
structure, as toinun and liendmg or bending and tension 

ComMund 8urfboe>oondeDsing Engine —A compound enpne ^q v ) pro- 
vided with tlic wcaus of Hiirfa< 0 condensation (q i ) Most minne 
engines are of tins tiqM 

Compound Table -See* Gnnpound SUduig Tabl” 

Compound Tallow Cup — A gnasc nip funiudud with two nalis one 
leading fioni tho tup into a globular int< rmodiate t humbt r tht other 
from the ehniilier into the t\lindtr or stcam-dnst, thus koipmg the 
tallow eleau and pmcnting waste 

Compound Train ~ \ tram of change wlitt Is (q \ \ uM-d m st nw -cutting, 
ui which thtro art* two or mon, mtcrniodiar} wheels on the stud All 
sorows of iiiio j'ltth, or snj o\tr atvmt ttn to tht inth art cut mth 
compound trains 

Compressed-air Lift, or Fneumatio Lift - A fonn of lift or hoist in wfau h 
air takes tho place of watt'r as a motiie power, thu tage l>cLng sup- 
ptirtcd by an air t \ lindir It is unsI for tin « hargiiig <tf blast furnace's. 

Compressed Steel t ast stt 1 1 Hubjc<t to<l, w Inlc m a m* tallic ingot mould, 


to hvdraulit or sUain prt'ssuro bt mgtonipussod wliilt stiU in a molten 
txiDtliUoii 1 ht prtssuro ajqdicd lants Imm 6 tt> 20 tons per sqiiart 
intii, dcptuiding on cmumstancos It is tompressed to tho extent of 
about l| UK h per foot of length, its sfHt ihc graiity being increased 
thorcbv Tho object of tomprtssion is the production of a sounder 
ingot than can lie obtained in an open mould 
Compressibility — Tliat property of gases— as sir, steam, carbomc acH, 
&o — acconimg to which thtir volumes are reduced by pressure Pim 
euros and volumes > air in inverse proportions in all true gas^ Liquids 
are practical!} in< omprcssible though not absolutely so Soli^ are 
compressible m different degrees 

Compressing Cylinder —(1) The cylinder of an air-oompressor mthin 
which the oompruesmn of the air takes place (2) A cyhndW used in 

£ » ongmes for oompressixig the air usM m the charge, and distanot from 
e working cvlmd^ (q v ) in which the charge is exploded 
Compression — (P A body is in compression when it is subject to forces 
tending to onUh it m the direction of that axis which is continuous with 
the line of direction of the pressure (i , The reaistanoe of the steam left 
m the end of an engme cylinder and the passage leading thereto on the 
return stroke of the piston, and wbidh is due to the earfy closing of the 
pert. This is also termed cushioning The compieesKm of steam m an 
eng^e oylmder should iioicr be allowed to rue above the pres- 

enire of the steam, otherwise the compressed steam will loroe ita way 
against tho entonng steam mto the steam-ohest, reducing the pressure 
^ The pressure exerotsod dunog its mstroke by the pistan of a gas 
engine, on the combustible mixture admitted behind it. 

OaoipmiUn Bar —A bar which is being subjected to oompiewon stress 
Cmpmsiott Oenpling — See Cone Vice Coupling 

Oempresston XnginM, — ^Those gas engines m which the mixed diarge u 
subject to cTHinpreseion previow to igmtnm, Tho advantage of em^y- 
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ooBpnMkn it tib»t • nuJlar perocntam of gM i* oonmined 
Ibaa i« UM can wh«n the charge » i^ted at atmoapheric prenure 
^nw«Min liBit — ^The hue on an inmcator du^gfra 1 n which chows the 
lin of pcwMue near the tennination of the puton-stroke due to oom<' 
nrneinn The ;aeeenoe of a loop at the tennination of the line 
indicatea that the eteam has been compresced abo\ o its initial preceure 
CeapreciieB Strength — The ctren^rth nooemar; to enable a Itar or strao* 
tore to resiat comproemoo or cniaiung 
PoMpreceinii Stress —The strees due to i oinpree«inn 
Cenesntrated Load - A load U>ahHcd upon a biam or girder, or 8truc> 
tare Under the hamc Londitiuna of hxing, a l tnrontmtt>d load wdl 
produce twice a« much etrcue bh a diBtnt>ut<>d load («j \ ) will produce 
Ceneeatrio Chuck A concentric i iw chin k (q > i 

Ceneentrie Jaw Chuck.- A chuck m which alt the jaws are mo\cd tuu- 
fOTmlv tc wards, or from the centre by a common nu><hamain, thua 
•voiding the trouble c»f tenting the aecuraci of the work bv the tnal 
and error method Omcentric jaw chin ks are usually of rnnail aijie, and 
arc made bi'th for lathes and fur screwing mac him s 
Conercts, or Beten Ifjdraulic lime, sand, and gravel, whoso pmpoi* 
tions larr w itb cm umstanc re 

Cenente Block — A ruetanguUr block u{ concrete or urtillcial stone, 
emplored for the foundations of breakwatc r and harhoitr works tiuc h 
bloekii are made by mixing the concrete, depneiting It in moulds, and 
allowing it to set They are often made to tO tons weight 
Oeserste luxsr — A rerohing vesatl tH cast or wrought iron, uaod for 
mixing the cximent, sand, gravel, and water, whi< h form the ingredtcnta 
in concrete blocks Tlicrc are several patented mixers eonetnudod with 
the new of throwing the matenals over from one side to the other, on an 
avenge four times during each revolution 
Ossdeaeatioa — The reduction of gasaoue bodies to the condition of 
bqiuds by the mfluence of cold and of pn ssure, acting either singly or 
m oomlauatiOD 

OeasSeuser — A veesel m which the oondensation of gases is effected 
SpeoBoally, the veesel in which the oondensation of the exhaust steam 
frmi an engine cylinder is effected It is either a jet oondeuser (q v }, 
ora surface condenser (q v ) 

Cleaisuier Door —The rectangular or rou&d>endod oast*ira& plate which 
dosestheenduf a surface eendenser near the ends of the tubes When 
the door is unscrewed and nnoved, the ends of the tubes are open to 
in^iectkm 

Oendeneer Tube* — Tobee whidi traverse the condensers of manne and 
ofher engines of the sorfaoo condensstion type, having steam without, 
and ookT water mrenlatum through their interiors They ere usually 
drawn tubes of brass or Munts metal, about in thick and from one 
to two lodhes in diameter 

Cteaieusiuf Sagins ~ An engme whose exhaust steam is sent mto a 
oondeuser, instead of being exhausted mto the atniotqihoro 
Oeadeaslig Svrlbes — See Condemong Tube Surface 
Ceadirusing Tabe Barfses, or dmdeaslag iurfbes —The total area of the 
mteraal diameters of the tubes in eorface oondensers This area bears 
a definite /datwn to the engine power, but variee with oircum- 

Oe^aetiatB. — The transfer of heat firom tha hotter to the colder parte of a 
bo^ Henoe oonductioit depends upon the &ot of inequality ia 
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tcmperatnrc exuitmg' in the ftereral portions of the bod j Tlie tztinsfer 
of n^t through solids, as throng boiler plates, is duo to oondudbon. 
See also Conroction, Radiation, Transmission of Heat 

Cene — (l) A round pyramid having a circular base Its seotums are from 
vertex to base, a triangle transversely and parallel with the base, a 
lirrle , if obliquely through Iwth sides, an ellipse , on a plane paraUel 
with ^e sid( , a parabola , when thu piano makes a greater an^o with 
tho liaso than tin cone, a hyptrbftla (2) A driving pulley used for 
bolting, and forminl into stt ps or 8c< lions of v anous diameters, for the 
^vtimingof diffmnt siieeds (1) The top of a blast furnace is often 
iurtiishcu with a cont for thi purpr>so of preventing the escape of the 
wash' gases into tho air, and also for n/ulating the quantity of 
the charge 

Com Boai^g - Cone Ixnrings are adopted for the miiudrds of lathes 
partly from motucs of «-<ouon»i partly for ooiuuiume of takmg up 
the wear nit roms are madt dtHtiiut from tin hcadstock, and dnvefi 
into boles bored in the main cuHttiigs lln> arc made of hardened 
steel nr of gun nntal, t>e< asioniill} in white iiui.iI In small lathes, 
thin isusingU tout onlv and n Imtk tintn in larger ones hart are 
twt) o<m( s, UHUull> pbutnl in a dnvetion nit rse to one anotlicr Their 
wear is takt n up w ith Imt k nuts, presaitig ag'Hiist Uio muiablu cone at 
tho tall of tho hcadstiH k 

Com Clutch A coinmon form of fnitioti dutth in whnh the power 
mcesaary for dri\ ing is tffwtt*d b> the bitt* of smooth turned conical 
surfaof>s, main and ft male nsiKt tutiv tigbUneil against each other, 
oitht r by the api>lit ation t>f ho i r or of son w pressure 

Oonod VMk Ajiplnsl to tliat ptirlion of a latnc mandrel which runs m 
tho front tone Ixaring 

Com Gear — ( oiu oluUhi's (q v ) omployi'd m hoisting mat hintry to drive 
the lifting drum, gears, ^t , bv the siinple fnt tion of tbcir surfaces. 

Com Key —A forui of kt j uset{ for retaining a wIhm 1 or pulh > in place 
when tlie hole in tbt' whetd is largtr than Umt portion of the abaft upon 
which it IS ke^od Tht whtsi is bored slightly ctmical and a conical 
nng turned to tit in tho btircsl hole and to embrace the shaft It is 
then slotted into throe parts, forming three separate keys The wheel 
is thus maintained conoentru with the shaft, and will jiass over a larger 
to a smaller acs tioii w iUi<mt the nocc'saitv for spUttuig it 

Co&c Plate, or Boring Collar — A lathe apjieudage usm for bonng holeo 
111 the ends of work, suih as epindlcw, almfts, mandrels, &c , whu h are 
Uk> long to be oc ntred and lu Id ftrmly by a gnp or face chucl^ and 
wliiidi cannot be plm^il between centres becaiuae one end u wantwfree 
for bonng It consists of a small poppet-hke bearing bolted to the 
lathe bed, and carr\ mg a ein uUr plate or disc pirforaUMl with a senee 
of holes oomcal ui w'otion Tlie plate is c*entnd on the poppet so that 
by the atiu king of a central screw any oiu of the holes can be lirought 
tnto ooincidenoe witli the laUie centre, and tl ere tighUned 'ihe holes 
being of different diameters, and tapered in (.ecltou, will adi4>t them* 
edvee to spindlee of different diaraetars The bonng tool is held m the 
slide net, and is fed forward into the spindle when bormg 

OmoO'— (1) Somctiines used for producing vanahle motion in Aafting 
(See Alternate Oones ) And (2) as fnction dutches (See ^ne CSuteh ) 

(<t) The Qosske of uijc'ctora are tailed aftiv their functions — steam cones 
and watOT otmee 

Ooae TdbOi --Qallowaj tubes (q r ) 
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OiM mM OrayllAf — A form <A box oonplinif (q x } conriiitiiig of an 
odlBT barrel whose intenor diameter is bored doublr coincal, and two 
alceTM turned without to fit the corneal portions of the barrel, and 
awithm to fit the shafts These sleeves are slotted t}irQU>rh on one side 
to provido for their ocTOproswon inwards, whieh mmpreiisiou is f fttHiUni 
by three screw bolts passinfr through l>oth, pulling tliem together so 
that they tighten on the baml niul ou tlie shaft Hiiuultiuieouidy Some- 
times ralh\l Ounprowon Coupling 

Caiftlatioa - The tlm k^ning (»i lubnuiting oils in cold weather , hence 
iht for « IcH ting oils w lUi nftrtiuo tlio clinmte m which 

thor arc b) \yt used 

Conical SiTOt — A met ^hose hwid w iuin< at m tnm It is easier to 
hamnur than tht» onlitmn nut in u nsfrubvl spa<*e where a sniill 
hammer only r4in l>e brought into n^iniHjtion 
Conical Bpnnff - A h« In al spring (<| \ ) 

Conical TnmLig— The turning of tujnnMl work in the lathe It is 
004 omphidnni btiwuii <H.ntrLH bv m tting om r the iiopp4''t, niul ujvin the 
face criurk either l>v w tting o\fr tin lu'ailHt's k or more usually by 
irwnc^lling the ti*p slide of tlu slnlc n st to tlu angle n qutris] 

Conical Valrc K {otv\ of bft \a!vt for a piini]> Its sjiIih are none 
in S4 4 tion and it fits on ati annular staling anti has no wings 
It muuttuniH tukis iht plate (»f tin <o 1 iiiimiii lift \ iKt with puralh I 
wings 

Como Fmstrm — Tlio ih vt lopmciit of tubular Isahr platts is that of the 
frustni cd <one« 

Coning — llir tiiniing of tJje taixr on the djann t* rs <jf railway wlmlsand 
crane and tumtablo rtdltfs Tlie fdtje< t in t oiung railway wIkh^Ih is, 
that as th( train runs nmud a curve , and the wlu'tls uro thrown outwards 
by centrifugal fortt the ouUr wheel may rnii on tlie mil whore its 
dmincUr is greater, and tht inuir whi^ro the diaiiuUr is less, ho tliat 
the diff< renoc in length of iniu r and outer < urvts shaU Iw < omptnsatod 
fur hy Uic diff* nnees in tin dmmeters of the wln*els 
Oo^Jngato Axis Tlie right line which cnisscs thc3 trans^erso axis of a 
curve at ngbt angles It is the shortest diameter in the case of on oval 
or an cUqisc, and is parallel with the liases m that of a paralxila 
Ooftttseting^Bod — The roti which converts the roctihucar motioa of a 
ptsirm-nK) into tlic restating motion of a crank 
Conneoting Bod - Marine patbm Ss Mantu Pattfrm Omnci ting-Bud 
ConaooUn|t-Bod - Ohluputy of Hes Oblioiuty of Omnw tiiig-Rod 
Oonsorration of Enor^ — pnuc iplo or thcj c^msc rvation of energy is, 
that force is never liit or wasted — that potential and kmotic energy 
mutually replace each other Motion ts c ouvcrtihlc into heat, heat again 
{woduods motion the diminutJun of fraction renders more power avail- 
able for useful work heat dissimtod m cu^es and furnaces u useful 
work lost The engineer, of au men, should never forget that energy 
IS indestructible, and his aim should l )0 to utilise and to translate it 
into the forms, and by the methods most economical for hia purposes 
OsmoHdated Xmery-WMsls —Solid emery wheels (q v ) 

OmstMt*^ — ^A number deduced from actual expenments made upon the 
atraigth of a particular material, and used as a l^s m oalculatioui 
aflecfaing strength of structures made m that material, hut difiering 
in dimensions Ejwwing, for example, the weights required to break 
off, or to mduoe pennanent set in a test bar of cast iron mcarntriiig 
lift bySin bylio»wo can use those wdghts as coostonts, by 
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wfaksh to — tiwKto th« itrttwi in otnutum of tike mne metaeiel, Vnl 
differing in length, tmedth, and depth 
OmUat lead^A deed load (o r 1 

OntUaA TraTtl —The travel ct a slide valve which u not rendered oapa 
ble of variation for tmrpoeea of variable cnt off See Varying Travol 
Oontianona BaasL— A be^ which rest* on more than two anpiwrta 
Oeattanoia BtmIl — A break which acts upon a senes of wagons sunol 
taneooaly, as distinguished from the separate brakes formerly applied 
to each txiiok 

Oontlanona Taad — (I) Usuallv means a deliTetr of feed water which is not 
intcrmitteiitj^s from an injector or from a pump provided with an nir 
vesaeL (2) feed given to a machine tool, or the work by means of 
oog or worm wheels, and a screw as opposea to intermittent feed (q v ) 
OoatuittOlU Paper — Drawing paper and tracing paper prepared and sold 
in long rolls instead of m shoots Any length can then be cut for 
spooiaiUy long drawings 
Ooatraetad V«n — Soe Vena Oontracta 

OOBtrUtion — The diminution m length which all metals (bismuth and 
some allova of bismuth alone oxoepted] undergo in oonbng down from 
their faslng points The amount of oontrartion for different quaiitiea 
of the same metal vanos as also does the cctniraction of the same qua 
Uty under diffirontoonditionsof nuias and of outiluig llie oontractious 
of cast and wrought iron stool brass gun metal lead tin kc are 
very variable and a knowledge of the amounts to he anticipated under 
varying oondiUons is indispensable 

Co&krMtum of Aroa ~Tlie reduction whicdi a bar undergoes m diameter 
or area provious to fracture when elongated by tension The greater 
the amount of onutraction the better the quality of the bar It vanes 
from about ten p<^r cent u plates to twenty per cent in round and 
square bars 

OoiLtraetlO]l £ttU — A rule used for the oonstniction and meaflurement of 


foundry patterns whose length exreeds that of the ordinarv or standard 
rule br ue amount due to the contraction (q r } either of iron or brass 
A oootnmtion rule for iron is longer than the standard in the ratio of 
I in in 16 in one for brass in the ratio of | m in 10 in 
(taitraat Vote — A piece work note (q v ) 

CoilTMtlOB — The setting up of currents by the heating of a liquid m a 
vessel The portions in direct contact with the source of heat, bemg 
ftrst wanned, Deoome lighter than the others and rise fttnn the heat 
ing aurfaee allowing colder currents to take their place whuh in 
tura become wanned and give place to others HenM convection u 
entirdv due to difftrenoes m Sp grantv The heating of the water in 
ateam boilon is the cause of its circulation and the greattf the heating 
surface or the surface suitable for convection the quoker the eutnda 
tioa, and the more rapid the geoeratioo of steam llm dreularioB also 
in hot water apparatus is due to oonvectun and the greater the expan 
etfm Uie greate the upward force of the aaoendmg currents 
OetmifUf llentlltiaM —A mouthpiece jdaoed against the aide or the 
both» m a v o ase l for the paesage of liquid Ita hm^tndinal aaction 
ia tikat of a truncated oone, and its fanetum is & preveDtioa of 
tile loM of effeot due to Vena Oontracta (qv) The lar^ apertue u 
naxt^vwael, and the smaller aperture m equal in diamk4erW that of 
the aetoal jet of water which has to be delrvend. 

Clicvivtir '••Me BeeaeiMir O on verter 
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Cotwttlf --Tbi i«rm Applied generally to Uit manufacture of »leel 
iqgidA bj the cementation prooesa Alkt to the Beasetner proceM ^ 
the direct production of mm et^l 

Q ww t U f Fttnue —See Cementation 

waftrtisf Pote*— The troogha m which bar iron undergoes the process 
of oeneDtatKm (q ▼ ) 

Oe n T tfU ny^Prectea — The process of cmientetion 

CooUay the jadicions cooling of the heavier portions of castings Uie 
setting up of iiittmal stresses h avuided tr luiuinused Tims the 


Itosses of wheels ar© often cooled bv raking tlu sand away from thoni 
while the casting is }ot wlute hot Tluck fliiugea and nl^ are cooled 
in like manner Without such preuiutions, nuinbors of costings would 
be lost owing to the heavier portions which remain hot longest, 
cootiQuing to ( ontract after the lighter portions had set fast, and so 
fnanng ^om asunder A raoasivo casting when well proportioned 
should always bo allowed to cool down wiiilo onvelopod in its sand 
rather than ^ stripped and exposed to the air 

forfkoA —Tlie superilcuu area in a oondonsor winch is exposed to 
steam on the one aide and to water upon the other TI 10 area of cool 
ing surface may be roughly one h^f or throe quarters that of the 
heating surface of the engine 

Cop# — Used to designate the upper portion ol a loam mould, or the top 
rtask used in green sand mouMing 

Ospa Off — Sigmfit h the lifting of a loose pattern piece In the top box, or 
cope to T ) 

Copa Ki^ — The nng which carries the bricks and loam forming tho 
cope (q V ) of a loaiu mould It is of oast iron furnished with lug* 
around its ciiviimfirtnce for the atWbmcnt of chains or links f >r 
lifting 

Oopptr -Symbol Cu Comb weight G'l Sp gr 8 A znetol em 
fdoyed for a variety of purposes by rnginoem It is not strong but is 
tough It is used for pump rods boiler tulies nvets steam pipes, wire, 

of alloys 


tough It is used for pump rods boiler tulies nvets steam pipes, wire, 
fire-boxes fic It is of especial value in the formation of alloys 
Oem lit, or lolderiiy Iron — A pointed piece of copper riveted to a 
cleft rod of iron to uie opposite end of which a wooden handla is 


atiaohed 


Oovpar Drift —A short cjUndncal piece of copper held with a twisted 
haarf rod, and struck with a hammer, its use being to prevent the ttida 
of shafts or portions of bright finished wo» from being braised 

and burred over, which would happen if they were itruok directly with 
a steel faced hammix The copper, thereforL acts as an elastic medium 
or cushion 

Oopptt filasM — A valuable ore (ontaimng copper and sulphur It is 
c^ned m CkunwaU 

Copper HimniT — A fiat paned, double-ended haminer made of copper, 
and esndojed for the same purpoee as a copper dnft (q v ) 

Oinir loimy — A copper bnw or liner dnron into the working barrels 
(q r } of inm pumps, to prevent the formation of rust 

0a >^ Matt— See Matt 

Apt, — Copper is used for the steam and varloas other ^pea of 
luge engiaes, iii utility oonsistmg m the readine« with whioli U oau 
he ourrefi to aor fonn, and m the ease with wi^ it aceommodates 
itsstf a^miakm and oontrsetum to TmriatioDs of tempenraturer wi^ 
o«t rlaK fof teariag off the fiaayes The flangus of copper pipae are 
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bmed on (see Branng Hetal], a hole being boned through the flange 
to neoelTe the pipe Copper pipes are fiUra with moltoi lead bdhm 
being bent, in order to preront wnnklmg up, and the bending u per* 
fonnra in the case of large pipes m a s^’rew press • 

Colder PyritM — Tho most important ore of copper consisting of copper 
sulphur, and iron It is mined lu Cornwall and Devon, 8wMcn 
Siberia and othi r parts 

Ooppar Wire — line u>pper wire of al)Out 20 B G is used for malting 
flanged joints steam or wnt<r tij^ht It is c ulfd spimllj a few tunes 
over the face of the flunp nml the ends liijiped The tiLlitening up of 
the Ixilts flaitf MS it out and inaki s a ja rfo< t joint ulti h has also tlie 
advantagt of ing more readilj brolo n lli in a red luid j ant 
Copy — &HH) Jornf r 

Oop^g Frame — St^c 1 nntmg I ramc 

Ckipjlllg Xaohliies \ Ltrg( i lass of machines whose purpose is the pro 
auction of maiij similar urtulcs from a single tc ni])lLt ore opv Of this 
class arc the various tracing and housing and s^Ktke and handle turn 
ing mac bines in which the cutters are ufhxcsl to blocks which moio 
siraultancxiusly with a guide hillowiii^, the outline of the c^pv which 
Inst is generally made in nictal whirc a Mry largo number ariiilca 
oro rcxjuired 

OopjlAg of Drawing! — ne'e I'lioUit^w Tracing 

Spying Paper or Ferro pruMiato Paper A sensitised pija^r uses! for 
tho roeeption of p 1 totj]Ms(|\) It is jtn ]>ared as f ill iw s ainmonm 
(111 ite of iron 1 part wat^ r 5 parts J«rTo<\anid ef js t-iLssiiiui 1 
part water 4 jiarta Mix togitlicr m e*<jual epiantitics Hie jwiprr 

naturat^xl with this has a yellowish hue nml nwni^ to the lanous wash 


mgs whmh it has to undergo is made r^ stout 
Oopyinc Prinoiple — Tho pniuiplc ciabexlied in tlio construction of copy 
ing Tnaohinos (q x ^ 

OornU — MuTt tanUlev(?ra built luU), and projecting from tlie walls of 
workshops to support tho rads for tho tiTtxcUjijg whtsls of overhead 
travelling cranes 
Cordage — Soe Itopos 

Coro — (1) A n ntml portion (2) In foundn work alsKl> of sand cither 
RTcen nr dmd whu h take's out the ec iitral or mm r rtions of a raat 
ing Cores are e lUie r made m Isixa called e m Imxes or if t.ircuJar 
and of large si/c are struck to shape u|miu a ixxtiUiuv, Wr a mixture 
of loam being uaed for the bealx mid its due outline Ik mg im|>artes) to 
tho mass by revolving it against the hex tiled or rlianifercd edge of a 
templet bfnird called a ooro boar 1 or a loam board. Wlicn the core w 


fliUMied and dnod it is put into the mould and tlie metal 
between it and the outer mould After the rastmg has cooled 



QTtd 

<x>re 


is withdrawn from its mt* nor ^3) The ceutral portion of a core pack 
mg (q V ) (4) The body of a smith s anx il (^) The wcKtd reraowad by 

a boring texil (0) A wo-xdon or iron modd of the mtenorof the lining 
of a Bememer oouxrerter, between which and tho outer casing the alnzry 
uaed for bning the converter is rammed 
Otn Xm — A atout inm bar upon which a circular core u struck up The 
bar it made to revolx-e c i the bearings of oore trestles (q v ) axid rottulxy 
loam ia laid upon It and struck to shape agaiuet tho edge cl a board cut 
to the rmmxM oaUme Wlien large m diameter it is dkUed a oora 
barrel 0^ ban wiU vary in diameter with the sues of the oorea 
xvbidi th^ are to noeive, mngbig from half in inch to a foot or amra. 
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]^)r eoM of Urgecrt aiie ihey ftio encirded with core pUt« (q T ) AU 
An an lullow ana an pierced with numerous hues for the 

oioape of the gmsee generated in caatinff Lifrht core bon are 
from gia pipe, heavier ones an made nt oa^t mn Good bars should 
have beanxiK necks turned at their ends to run in tho trestlos Bars 
are revolved with a winch handle turned by a core Itj- (q v ) In the 
case of pipes of large diameter whose pro<luction is a sp,** lality the core 
bars are made coUajwibk in onltr bi their more ready withdrawal ficm 
the casting and also to sn>e the coat andlibtiurnf putting on bar bands, 
the loam l»emg dauliod dmetly on the bars An onljnan wflapdible 
bar tvinsutts of thny; Inngitu liiml (H'giiunts ninnitaineil cin ubtr in see 
tion during the stnkinu of tlio tore lo in< aiis of internal rones wtxlgmg 
them ontwunls Afbr the riHtmg ih c Hiied tin coium are knockou 
back and two of tbt Momenta cuUapso or full ui w anK, that the 
whole bar is Kmw in its hole 

Cora Barrel — S'o C tre Itar 

Cots Bsaoh — A h eonniMting of a flat j late of mm upon wbi< h nnall 
foundry torts ar rammed up in tin ir \ small Inap of ct>ro 

sand ot t tipit's one portion of tbt bt lu b bui ing tlie rtiniundtr free for 
inunipubiti m t f tlio boxes 

Core Board - Tbo Ixwml whose tnl^e a core is struck up on a 

rtiohing Kir It w commonly tinned a 1 miii Kiarl loiiin Knug tho 
mutt mil cmj lovi'il 

Cots Box — A K)X c^tmmonl} mndo in woo<l thongli oftm of mut or 
liras* In will h tbi con for a b dloa is rinontd uji Iht 1((X 

is ui lU mt Ti >r a f unlirpnrt of Uif sIjjiimj of tin ion and is so ion 
stnii tivj that whiii the bitti r is fiiiuheil tlie box iiui Ihj Mpanilud and 
withdrawn pit tmeal lea\ing tho conr intui t 

Cws Boy — K Ixiy who rams up the sinalii r i in a in foundnes and tains 

the oarcf for the cvm mak jw Itt «’J f ftindrtcM moderuta 

me than are soieml sudi Kiys and as little risp iiwbility attachts 
to tho work it is the first task the moulder s appnmtito w sot to ptjr 
form 

Coro CftTriags — A low camugt up n wbi h aro laid Iho norfs and tho 
loam pattims of moulils wbi b an to K run int > tin drying stovo 

Oorod Hole (1)A ( list ho] w hn h is eiinsl w ith a dry sand i on 111 x 11*04 of 
diliunngos a h iK drnvtK fnnn tin pittrrn CJ< (reiKTslIy any hok in a 
easting whuh is n 1 K r i in tin luailmu sliop It is customary Ju 
drawings to disUnguish rougli east LuUm from those winch nro to bo 
bored by this tcrni 

Oort Irou, or Coro Bodo — Rods of wrought iron from 4 inch or 4 to ^ inch 
la diameter according to the sire of core whii h f inu a ikoleton or 
framework upon whirb a foundry core is made and dried Slender ooi'ee 
would fall to pieces apart from the aasistauec derived from core trona 
After the castings arc made the mms are withdrawn by the hand or by 
piDccn ^ 

Coro Baker — A workman employed in foundnes whose duty is the 
•tnking up or ranuning up of cores The core maker is usually a 
moulder who has taken to this special department of the work, a^fl 
having acquired the distinctive l^wledge native tlierato do«i 4ot 
qoitit^ ^ 

CiM Of«a.-^A s m al l oven built over an ordinary store fire or over a htasi 
Aunaoo, cwdlB^ for drying small cores 

Owo pa (Wig — nuking both for steam and water, which ia stiflenod 
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•ad rfi&dered more durAble by tbe Lutroduction into U of • goto, onuU^ 
of iadia rubber ^ 

Con natM — Oircular plates cast in open sand for fitting upon ■ oore 
bur vben core ia m Uiw diameter The pUtea form a ueleton or 
framawork, rapporting a mau of hayband and loam, withou 
aodiilr Inoreatu^ the weight of the bar They are eecored to the 
centru bar with wedges To get them out of the casting they are 
utually broken to pieces by blows delirered fruro a bar or a hammer For 
this reason they are cast They are also pierced with holes to allow 
a free passage to the gases and to render their fracture catty 
Oors Bing — A nng of cast iron ahirli (ames the core for a loam mould 
Omra Bods — See Core Irons 

Cora Band — Sand used for making cores It is a mixture of ranoos sands 
whose names and qualitios vary with the Localities in which they are 
found It has the property of hardening when dried Horsedung is 
mixed with it to rondor it sufficiently poroas for the escape of the gases 
generatod dunng casting 
Cot* Btoys — See Foundry Stove 

Cora Trsttles — Strong cast iron troBtJeshavmgveo’d bearings upon their 
upper edges for the reception of revolvmg core bars The core bar is 
turned by a boy set at a handle inserted into its end, the vees forming 
a tufficienUy good bearing for ite journals 
Oaring out — The taking nut or forming of the interior portions of cast 
ings with cores as distinguuhod from self delivery (q v ) 

Oorlug up — The placing of the in their prmitions in a foundry mould, 

in readiness for casting 

Cork — Uaod lor gloss paper rubbers See Rubber 
Oorliai Bagioe —A very ooonomical type of engine the working of whose 
valves is contrullod in an auhimatic manner from the goiemor The 
Inlet and exhaust valves are distinct from each other and while the 


latter are always opened to tluir full extent tlie former are only opened 
so much as is permitted by the position of the governors The valves 
are moved by rods from a disc or wnst plate but are disconnected at 
every stroke of the eng^ine and are then closed instantaneously by a 
dash piston and spring The advantages of Corliss engines are that they 
are stiriotly automatic in action the steam supply being proportioned 
to the requirements of the engine at the moment and that the steam 
passages are extremely short preventing loss due to back pressure 
(q T ) and the waste inseparable from long passages and ^t the 
sudden or positive cut off of the valves is sulMituted for the gradual 
out off of ine ordinary slide valve 

OarUas Talva — The valve of a Gorlue engine The valve forms a seg 
msot of a ciTole and reiolves through an arc of a circle in an annuUr 
•eating, alternately co\enng and uncovering the steam port Hie 
BUf^y yalvs is cIom by means of a dash putou (q v ) 

Odraiw BlwAan — Square comer sleekera ((^ \ ] 

Oarufab loUar — An iatemallr fired honxontal cyhndncal stationary 
boiler, haying one furnace fi^ue only 

OonUk — Abeam engine of maesiTe type need amongthe mbdm y 

diitriots of Oomwall, and which, variously unproved and modified baa 
takau rank as a standard fdnn for pumping enguee in general For 
SMrir an Oonidi enginea were imm aotuig, but they are now made 


Osrabh Talva.— See Double Beat Tahe. 
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atnlUrf— AtWm or problem deduced from a preriooH related pro 
goiitioo 

OiRMtiVt OMf> —See Standard Corrective Gauge 
^Oemiiaa. — The nutm^ or oxidation of metals by tun tact and ohemioal 
muon with oxygen in a damp atmosphere Iron work is proieotrd 
trenn oorroeion m many ways A common metliod is to heat it to a 
temparatore of about 3u0° F and aoplr to it a ooatmg of pitch or tar 
Anertheru to apply bnseed oil c‘ola Oil ^lut a hen not objection 
able, is largely om Ooatmg with magnetic oxide by Bard s pn^Kieso 
(q T ) or TOwer • process (q v ), is employed for bright work Tallow 
IB alw rubbed over bnght work when leanug Iht shops A coat of pure 
white lead paint li often given Oalvaniring is resorted to for work 
which haa to be exposed to the weather Boe aleo Boiler Corrosiou 
ComtMted JuraaM nbet, or Fox*i Oorntgated Tnbei —Furnace tube* 
for Miters both land and marme cormgnted m their longitudinal sec 
UoDS They have come mto very general use their supononty eon 
Plating m the fact that the Htnuns tending to bulge tlie onn boiler plates 
are prevented or minimisod by the yielding character of the oomiga 
tiuns which absorb the linear expantuun dm to heat 
Oamgatsd Xron — Thm sheet iron, of from 18 to 26 B W G It i« rolled 
out in alternate equal curves of elciatiun und depresmon or riugea and 
vaUeya, by which oorrugatum the ngidity of tlie shot ts u increased 
The pitch or distance l^tween the itntrtN of altemato curves vanes 
from 3 in to 5 in Corrugated iron u used pniicipally for light ro^if 
ing being united with sm^ bolts passing through the summits of the 
rii^^ 

Ottnmdun.— Orystalliue alumina, of a hioh emery (q v ) is a vanety 
Oo0 — The oosine of an angle 
O mx — The cosecant of an angle 


Oat. — ootangent of an angle 
Cottar, or Cuttw — A tapered rod or pin, either Aat or round In section, 
used for the purpose of wcdjging the tnds of rods or of pins mto bosses, 
or of strap ends (q V ] over their rods Cotton pass through slotted holes 
prepared for their reception through the rods and boasts, or the strap 
ends, as the case may be and m consequence of the clearance given to 
the boles on tbeir opposite sides afford a means both of tightenhuzods, 
and of **binQ> up the wear of bearings They are held by their own 


and of up the wear of bearings lliey are held by tlieir own 

friction simply when the amount of taper is sm&U, or are kept with set 
screws or have thoir ends or ‘ ‘ tails ’ screwed and tightened with a 
nnt when the taper is oonsiderahle in amount The gib and cottar 
arrangement b tnat in which the cottar is formed in two parts, whoaa 
outer faces are parallel with each other, the requisite taper being given 
to their inner or sliding faces The fixed half is then termed ttm ^b 
Oattar TUaa. — Narrow fibs, used for the cleanmg out of groorea, Icey 
ways, cottar ways, and similar narrow paasa^ Thw are made in 
thiw demes of ooarseneM Cottar files are either paralM or tapered 
in thev length , in the latter caee they are called entering becsoas 
they enter mto and enlarge or open out email narrow boles 





with eadi other, bat its ends tre slightly tapei^ to 
ming aetkm of the cottar, the total taper being finom 
SOtol failfi 


allow 

about 


Ca tt ia. Ootton. ia need tar steam packing, for ropes for the tnuumtaripa 
ol p ower at hi|d> spaeda, and to a hmited extent for beUii^ 
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Cotton Card. — Sec Card Wire 

Cotton Cords.— DnTing oords twed for working overhead travellers. They 
are about 4 in. or | in in diameter, and are remarkably soft and 
pliable Tncy run in grooved pulleys, and under similar conditions 
to ropes (q v ) 

Cotton Tapes.— Strands of cotton used for purposes of lubrication, the oil 
feeding along the tapf'S by capillarity alone. 

Cotton Waste. -Scm 2 WihU* 

Connterbalanoing. — I’bc addition of a definite amount of weight to a 
moving miiMs, usually a wlnsl or erank, in ordi r to (npialiw^ the fortes 
<»r moments around a r<‘\ol\ing shaft ('ount< ibnlaiK mg is an iin- 
jHirbint far bir in r ipnilv reioh mg met hanisrn It is frtspu ntl\ , though 
not quite m strietuess, t^-nned hahiiu mg v ) 

Connterbore A kind of fiat < ounbTKink, uwsl for lM»rmg th<‘ S4 .t tings 
for ehfs*He-hea<lf'<i sereus ((j \ ) It is attmlKsl to n pin, shank, or 
mandrel \ilin h fits the hole «lnlhsl for the Imd) of the m n n .S^* \pp 
Connterbraoed Brace - A hraee is < t»unt4*rhm< <*(1 hen it is ( upabh of a< t- 
ing Isith as a strut an<I a tie S<-<* (’oimt^ rbraemg, lb»llmg L tail 
Counterbraced Girder. Agmhi \%hu h is iiro\iih‘d i^ith <*ount4 rhrm mg 
((| V ), in or<hT to enahle it to \^ithvtiind the a< tion of .i rollmir load 
Connterbraoing, or Cross Bracing Itiagonul hrai iiu: inti.shKMl into a 
truss <»r agiithr, for the jturj»f*s4 ot iru mg addition il siipjNu t t>» tin 
Is’am and relu*\iiig it of trati'-uisi hfi<s^ 

CoQUterprcsBurc. lU<k ]>r<ssiir< -q \ 

Countershaft. .\ short shaft, mli'riru<liati , or Isti^e* n the Im* orruaiu 
shafting m a witiksho]), ami tlx paitn iilar muf Inm' ornii«)iin«H u Itx h 
ithustodrne, its iisf* Is-mg to trjiTismil tlx rutation of tin lim shift- 
ing U) tin* iiuuhiiie, and t^i niodif\ the sjs'^ d (Vum?* rshafts art mst‘s- 
sorv, Is'eause of the tlit!< r«'Ut s|s«<l« at )»hu h ditfi r« nt um< hirus retpurc 
to IS' tin von. 

Countersink —(HA hoh reeiHsetli'omeallvforthe head of a n rew ornvtt, 
in order that the head shall lie le\el Mith the surfaet' of tlie maU*nal 
into w hu ll It istittel '2) TIu' bit >Mlh vilmli a hole H ctnmtersunk. 
It is ofti'li (Milletl a rose bit 

CountsrslnkiBg Tin ns'essing <»f the onfiee of a hole hy drills or wun- 
tersink bits, to nsiM>e tlie lieads of wrt'usaml n\eU 
Countersunk. - A hole rx 'essed x^iUi a eounursmk hit IS 8.1x1 to 1 m> Citun- 
tersuiik 

Counterweight. A l>ahim'<* weight (q V ) 

CountTY Cut — Tiiiilxr i^hudi has Im^ u sawn inbi planks and Utanls m 
tlie distnets when* it was ftdhxl It is usually iintxpial ;ii llm km-ss, and 
ilte saw bvth In-mg nuirse Im^e the surfm'es of tiie b<vards rxaigh, 
that working it up is a washdul prxKM'iw 
Oouplo. — A nushunieal temple consists of two fonvs whu h are equal and 
opposite, and thmdore in is^uilihnum. 

Oonpiod Whotls. ' I^K'NiUiiotixe rumimg wluxds art* etiupIiHl or cv^nnecitsl 
with oouphng rotls, in i*rth»r U> ensun* uniform ruiuiing , tliat is, the 
wviglit lUHHWSarj' f«vr adhmion is distributed eijuallr Is-tween all the 
c^upUsi wluH'Ia Tliev are ealltsi four, six, or eight otm pled, aoeording 
as Uie whetds on two, Uiret^, or four axles are thus united 
Oonplor.— Tlie ring or loop whieh is slid along and tightened over and 
around the Imndles of smiths' tonga, in older to umke tBem take a 
firm grip on the work. Bee also Hoi^ and £ye«. 

OonpUng A draw bar (q t.). ( 2 ) The uniti^ together of lengths of 
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ilialting or pieces of meohanism^ wheels or enarines. ( 3 ) The medium 
through which shafting, &o , is united Shafting is united by flange 
couplmgs (q.v.) or box couplings (q v ) ( 4 ) Engines are said to ^ 

coupled, wnen m a compouna arrangement, high and low-pressure cylin- 
ders are not made to I'i 0 mnect and work independently of one another. 
(«3) The coupling for railway trucks consists of two links of wrought 
iron united by a right and left-handed screw The screw being fed by 
a pendent lever, the oouphng is either tightened or extended, 
onpling Boxes. — Loose, freely titting boxes used for coupling together 
the breaking pieces (<i v ) of puddlmg rolls with the roll ntx’ks. lliey 
tit, one-half over the i*oll neck, and one-half over the breaking piece, 
and are held w itli stops 

Coupling Kod. — A ( onntH' ting -rod which couples or unites the motions of 
tw o eniuks, rendering their action simultaiu'ous 

CoTor. — I>np (q V ) 

CoTOnng of Pipes. - Steam pijK's are ebitheil with numerous non-oonduot- 
ing eompOHitioriH to prcviiit ewling and eimdi nsatiou by tho atmo- 
sphert' IMt, fossil meal, slagwocl, sawdust, ashesbis, and immenius 
|>ut<'nt«onqv)sjtiousare emplo>ed, and the leaving of air spaces in com- 
fanati'in with w«miI, cotton, or felt is also practised 

CoToring Strip - The stnp of iiu*tal jdatc whic h covers a butt nvoted 
joint Callf*tl also welt, and fish plate 

CoTor PUto.— A Umi of gemral application, signifying any plate which 
wvers in an open sjmi* e, or a portion of a inuehino 

CoTortin Ihe \ oversod sine of an angle 

Cowbam VaWo, or Bead- Weight fiafoty-Valve. - A form of safety-vaho 
in whu'h n<» lever or spring is employed, but the valve is instead hold 
down by what an' UTnu'd pendent W'oigbts, that is, annular weights 
dropp#**! over a cJising atta< ntsi to the upper jMirtion of the valve. Inese 
valves have not s> neat an appi'urance as tho ordinuiy types, hut 
posfH'ss the advantage of having an amount of weight dirootfy corre- 
sponding with the pressure in tho boiler. Grouped valves arc those in 
which, instead of having a single opening as is usual in ordinary valves, 
the total ar<^ is divided between several smaller areas of one square 
inch each, c'ui h Mqiarato valve o[>eiiing U'lng tliereforo weighted to as 
many pounds of drad weight as the reejuirod pressure, so that for 
60 lU pnssure there would be 60 Ibe on each scqiarato valve of I in, 
S(|uarr 

Cow Hair ~ 'rhts is um'd for loam moulds for the same purpose as horse 
dung (q V ) 

Cow-mouthed Chisel.— A round-nosed ihisel ground to a thif k angle and 
ust'd for chipping hollows in metal work 

Cowper Stove — A sb've, rimstructed on tho regenerative principle, and 
emplojed for increasing Uie teropcirmtun of Uie blast (see Hot Blast) for 
am* lung purposes Ihe hot waste gasi s which come off from the tap 
of the blast furnace are brought over and made to combme with air in 
a verticsal tube, whence the heated products of combusUon pass down 
thiDQ^ a chequer work of hnoh by which the temperature is regulated, 
and thence into the blast main. 

Cowrie Pima, — See Kaun Pine. 

Crab ' (1) A low type of hoisting crane which has no jtb, but is provided 
with a srikteh bbick or running pulhy, dejH;nd»*nt from tiie barrel. Of 
the lifting chain passes from barrel to a snatch block detieudeot 
from ahear legs (q.v ). Crabs are made to work by hand or by steuM^ 
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•ad iot fixM to the mund, or travel on gantry beama. They ai» of 
all HLsee, and single, ^iible, and treble g^tfed. (2) A daw dat^ is 
called a crab. 

Crab A crab v.). 

Cradle* — (l) The end girders of overhead travelling cranes which cany the 
running wheels are termed cradles (2) The term is also applied 
generally tocamagis and moiabie beanngs running beneath a beam 

Cramp. — A tool for squc'csing, made both m wood and metal 

Crane.— A machmo used for the hoisting of heavy by the inter- 

vention of gear-wheels, ( ham bamd, ehaiit, and jib The jib (q r Hs a 
lieam <»r stnd standing at an angle with the i(T<^>und line, and the lifting 
chain runs over a pulley at its top c-nd, ana depending therefrf>m sus- 
tains, and lifts, ana lowe rs the load Cranes are worked either by hand, 
steam, or lijdrr aln pr»-ssurr Se<* details under specific headings 

Crane Chain.- (irdmarv clow* link chain \ ) 

Crana Hook. The Instfc wbub depMids fn)m the lifting (ham, and to 
whieh th(' load or the sling t liam (q v ) is attached In a properly 
ahapod hook the (entre of gra\il^ of the lr*ad should lie suspended 
immediately beneath tin* centre of the snive l Sc'c also Ram’s Horn 

Crano Jib.- fix? Jib 

Crana Ladle.— 'A foundry ladle (q V ) of the largest type, and which is 
therefore slung in the crtine It may hold from four or five to twelve 
or fifteen tons of m(‘ta1, lu^Mirding b> the riHiuiremcnta of the foundry 

Crana Poit. - Tin* pillar upon which the stresses due t4) the load on a crane 
are mainly concentrated At its luyni it sustains tlic tension of the ties 
and at the ground line (q v ) Ui<’ tlmist of th<* nh Its strains are 
therefore those of a raulifever tending to bnak on across the ground 
lino Hence it is the ('ustoiu to make the lon^tudinal outline of a post 
conical or paraliolic in form, tap«*nng from uie ground lino upwards 
All types of cTam s are not alikt* providtd with posts, crabs and over- 
bead travelling cmnes of \anoiis types iKdng the exceptions 

Crank. — A le\er uhich mtatiaaliout the axis of a shaft The usual form 
of engine crank is Unit which consists of a web of metal stiffened with 
a rib or ribs, a boss U) ^CK^olvo the crank shaft (q v ), and a smaller boM 
to take the crank pm (q v ) Often the crank is a simple bending m 
the crank shaft, or axle Sometunes a crank is circular, in which case 
it is termed a disc crank q v ) 

Onak Axle. — The axle of a lo(H»moti\e upon which the cranks are 
formed. 

Crank Circle. — The circle dew nbed by the crank pm Specially the circle 

in a valve diagram !,«] v ) whn*h repreeente the path ox the ciank. See 
Crank Path. 

Crank Wte.- See Disc Crank 

Crank Handle. — A tanall le^cr lianng a handle at one end and a boss at 
the other, tlie latter Isang made to fit er the squared ends of spindlea, 
•0 that thiy may N* rotaUMi by the turning of the handle. 

Cranking. — In cutting tools, cranking signifies the hollowing or carving 
of the tool immediab'ly behind the cutting edge It is performed in 
order tliat Uic tool shall hH\e a Undency to spring back and out, 
rather than hitch into the work under the stress of a heavy cut. 
and also to give a bodv of mtdal for grinding, to prerimt the need 
of frequent r^orging. In principle the cutting edge ahoiud not stand 
higher than the face the tool s h a nk . 

0mitk Path— The circle dihW|ibed by the crank pin (q.v.). 
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dtak Bin* — pin or moTsble journal which unites the oonneoting* 
r9d of an en^e or pump with the crank. 

Crank Flate.— %ee Disc Crank 

Crank Shaft. — The shaft upon which the mam ^ss of a crank is keyed, and 
which« therefore, receives and transmits the oircuhu* motion of the crank. 

Ciwak Web. — ^The central plated portion of an ordmary cast-iron crank, 
which contains the bosses and is stiffened •aith a nb or nbs. 

Crank Wriit— A crank pin (q.\ ). 

Creaking. — Tlio peculiar sound muttod by a bar of tin when beni 
alternately backwards and foiwnrds 

Creaier.— -A fuller {q v ) 

Creaiet.— A tonn applied to the moulding t'M>ls of the coppersmith which 
fuliil the same piirjK>so the top and lx>ttoni tools (q v ) of the smith 

Creating Tool — A Uxd used bv coppersmiths for making bi'nds and tubes 
It IS of a X -diap* , having the horizontal portion funiishtd with grooves 
f»f vanuus sizes 

Creeping " -The verj" slight h>ss of sp<tMl whuh results ^hon drums are 
driven by rope gearing, due to tlic dipping of the rop<‘ This, though 
almost infinitisunal in amount, is suffident to cause a slight difference 
in the numlwr of rt'volutions perfomud by the driving and driven drums 
«h< n a conHidorable of time -an hour, fi>r enum|dc, is taken 
A^^ount In sonic instaiiMs. as in the enst^ of b<*lting, creeping is 
pniUtblv also due to the cliiMtuity of the Is lt itself, which Htret<‘hoH »»n 
the tension side and tontra<ts on tlu' slai k side, so causuig a slight 
luiiouni of li>HS 

CreotoUng — Tlio injt'ction of timber uhuh has to la^ exn<isod to atmo* 
sph» nc influences, with (rcosotc, m orthT to iin rease its dumbility Tho 
tiinUr la first depnvMl of its moisture, whn h is then replac^ with 
creosote Tho durability of Uio wo<xl is rnhanced there% fourfold, 
or more 

Creoeeting OyUnder.— A strong wrought-iron cylinder, in which railway 
timbers, sleeDcrs. Ac , are t xhausUd of tin ir moisturo w vacm^ and 
saturated witn crtxisot<« puin|>ed in under pressure. 

CiaofoUiig Plant — The appliaiues used m the saturation of timber with 
creosote, consisting of cylindrical receivers, vacuum and prcstmie pipes 
and connections. 

Criaaen Iak« — The colour used to distinguish steel in sectional drawings 

CtippUng.— When the elasticity ol a beam or structure is destroyed so 
that It becomes permanently and exoetuuvi ly bent and wrinkled, with- 
out, however, undergoing actual fracture, it is said to be crippled, or 
buckled. 

Crocodile thears. — Alligator Shears. 

Crocodile Bciiota€r.>>-t>€« Alligator Soueezer 

Crook Bit Tonga™8mith’H tongs wnose jaws are bent nuind at right 
angles oith the handles, one juw being fttmiHhcd with a bit or nib to 
prevent the slipping of the work. These things allow rods to be held 
and to be passed alongside of and parallel with the handles. 

Crop Bads. — The ends cut off from mis after they leave the rolling mill. 

Croppiag.— {1) The cutting or sheanng off of puddled bar into lengths 
suitable for pUing (q v ). (2) The sawing off of the rough ends of Mrs 

and rail^ 

Cropfiag Maoklao. — A shearing machine used for the cutting off of ends 
and abort kegths of irc^i bars 

Craping Bhoors.— Alligntor .Shears (q ▼.). 
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OrOM. — (t) A four-amed beam naed in foondricn for lifting heary moulding 
boxes and loam moulds about, ibo weights being suspend^ in l i» kn 
slung from the ends of the arms. (2) A wrought-iron pipe oonnoc^n 
having fotr wnys or openings arm,iged in the form of a cross, for oon* 
nocting four pipes moc^ting at right angU« 

Croas*bandlng, or Crots-ben&ig Strain —As usually understood, signifios 
the strain acting in a transverse direction on horizontal cngino beds, 
pump beds, and base plab*H, due b» the thrusts of the rods. To rodnoe 
this to a mini mum the ( entres of the cylindiTs and rods ore kept as low 
down as |K)hs’! U\ h'asening the le\eragc thereby. 

Crois-braoing - Si'e Onnit^ rbr.i( ing 

Orost-brsaklng -'i’he tu tual fi.u lure of a lioam or stnicture due to tensile 
fore(*s o|w‘rating tin r<*»ni 

Orosi«out Chisel A <hij»jtiiig or <old <bis4*l, wlmh is \ery narrow, or 
from ^ inch to I »n<h vMde It is uh(i*<1 for (iitting gr'K>\e« in vanous 
dinM UoiiH jUToss a plum Hurfu< < , in ordtr Ut ftn ihut^ tl»e work of sub- 
elnpping 

Cross-cut 8aw A ]iro\i<hd v%illi two hamlli h, one ;it cm b end, ami 
uwni for (lilting liuny ImdHi m d<'uN, b'llkx, \i' mrossUn gniin 
'Hie Umdb are of tlie s)i i)m ot un Kpiilun rd In ii»gl< . ho tliut lie thnist 
is givi'ii fr 'III eiu b ( lid of ibe s iw .ilt4*rnul4>l> , tin i iitting b( mg eipi.illy 
eflicnmt in ls»th djre< tmiin 

Crosi-outting 'Hk’ reiiio\al of mat^Tial in a tr.inHverse dir(.(tiou C<»m- 
monJy apiund ni tin m tion of a i hinel oi a wiw 

Oinued-arm Governor goM neu in wlmh th(* isunts of misiv^tihiou 
of the rods .rom which tlie Indln d('|M mi ar< on the opjiosiU* sidi s of the 
central axis around winch tin \ r» >ol\c Sc l*aialKiIi( Go\(nior 

Crossed Belt A diumg-lHlt wlmh uml(*rgooH a twi^t In'tween the 
driving and driven is. jianMnig fnan the upjxT side of om‘ to the 
lower side of tie otlui Vi ith u < rossiMi Ik It the pulleys revohe ui 
op|MtH]t<^ dirtK tioiis 

Oroesed Bods Wlun tie’ (Hcentrn nsls of re\en«mg-engm(^s crons each 
oilier on their wa> txi join the ends of tlu' slcd-Jiuk, the (<*ritri's of the 
sluMives Is'ing Is'twia'n the axle and tli(> link, this term is apphtxi to 
lh(‘m , wIm’Ii th<‘\ do not cross, the nsls uix" said to Ik' op<‘n 

Cross Girder - An\ transverm' ginh r or Isam winch uuit4s lontritudmal 
girders, Md(' fraim^s, or standards tog« tluT. and Ihh aunt's at the same 
time a distance- pu '<'«», streblur, oi stn'tigtheiniig lx am, or tlie sup- 
jsirt also, or Imse, for m i< Innery Kxamph « oiv ur in the i ross or i enUul 
girders of st4*ani cnines 

Cross Grain {Si^nifii's a (*f timl>cr taken at a low angle with 

tin* direction <»! tin* longitudinal gri»wth of th* hbrcH Oi when ( utting 
H< turn tak« H pi M'(« in sm h a dim tion its t4» pn^lrn'e a t* mhau \ to t«wr 
up (ju> grain ns, for instance, wh< n the front ol a [dam' mo\ts ixi tile 
same dmction os tlie dowuwarii hIojh* of the groin hlirtis. the tool 
is Mid to work against tlie gram, or crovs-grain The term la'oiii- 
gram or cross grained alisi alludes to a rurlv or mterlacmg oondition 
of fibres, jnore noUoeabh* m hard than m woods, so much so m 
man^ s^eoimexii that an ordmaiy jdane will tear up the fibres when 
applied in any direction 

Cross H s a d ~ That ]>ortion of an engine or pump which unites the 
lUsUm and t'(»nmctmg nnh and Hluh‘-bl«H kn logethi r (J) 'Ilic u{»{wr or 
transvena* laaim of an hidrauln pnxw, whuh trullMult^ the*pressiijn' to 
the weight to lifted. (3) A eiul-ijpon fdste aitathed to the top of the 



MECHANICAL ENGINEERING. 


ol an accumiilator, and to which the wcij<ht oaae is fantonod 
( 4 ) TLhe end of a wheel prei<s (q v ) 

Crotfiiigt — Gap« in the rails of permanent way, thnnigh which the 
of whwls can ^lasa whore one line of rails crosses auoUior. 

CroM Joint — Sec Bn-aking Joint 

CroM-OT«r Soad -A short diagonal line of rails on jx^rmanent way, pro* 
*vided w'lth a pair of piuuts or switches at ea< h end, and oonmHJting two 
jiarallol lines of mils t4>gether 

CroM Pane — Pane 

Crete Section — A w^tion. always undorMt<Mal, unless oUterwise 

noUnl, to Ik* at right anglos with the longitudinal axis of the pUM*e of 
work or drawing thnuigdi ahu h tin set tu»n is taken 

CroM Slide — The h«»n/orital hIkU* or hmlge whi< h carries tlm Uml 1k>x of 
a lueUl planing mat hme U'he h>ol l>t»\ is travermKl aei'oss it by meatii 
of a lon/outal sen w, and the slide is chn attnl and (h pi i ssod wnth \ ertical 
sen*w8 actuated by lK3vel-whet'l8 

Croii Tail.— In a sido-leMT digine (q v ) the rod whn h unites the «dn 
levers anth the eonnwting-rtRl. 

CroM Tnbei -The heating tulies lu a sttani Inuh r— UBUalU aj»phod to 
boilom of the \ertlc^vl tyjK^ Tlie tuls s pans thiough the tire 1 k>x, the 
fire thcrefon* surrounding tlicm, and aste^t in maintaining a rapid cir- 
culation of the water A mud door is placed opposite the end of each 
tuW, «) that It may be (’leun«*<l readily 

Crete Tube Boiler — An ordinary vertical boiler (q v ) pmvidod with 
<‘roHS tulaK* (q ^ ) 

Crow. - Hi t Orow Bar 

Crow Bar, Crvw» or Pinch Bar - A round iron barflatb netl to a chisel-like 
t xpansieu at one end, and used for raising a heavy weig^ht through a 
short distance, for jnm huig trolJiue and wagons along a line of motals 
through a limiU'd dHt<itu< , anti generally for the appliLutioii of a large 
levenigt* for a temptuar^ jiurposo 

Crown of Boiler — Siv Iknler Crt»wn 

Crown Plato. — The coininonest quality of wrought- in m plait' manufac- 
tured 

Crown Wheel —A iM'vtd-whtad ujMm a vertical shaft, having ito teoUi 
facing u pp<*rm( >st 

Crow’t root, or Tieki 'Hn angular lines < > whnharu uswl in draw- 
ing, to inditate tin jsiuits Is tats ii a hit li a dimensn)n is given 

Omoihlt — ( I ) Crucihles are de< p cuj>-Mhape<l vi-sst Is umsl f» »r melting brass, 
etes*!, and othtr mt tals, liiey are luanufaeturod of fire clay, or of 
pltimliagfi llie clay is ground, sifttsi, anti mixcsl aiLh water, and 
with a iXTlan' pro[K»rtitfn of burnt cla> tihtainod fnanold crucihhs*, and 
kneath'd and wrought into shape Tlify are utlier aiought uiUj shaiie 
by hand, or pressed intt» moulds rnatle of plasU-r of I’aris, which absorbs 
tile water fn>m till* surfat < of tlu rrucible Afbraanis tbi-y are lined 
and heated up to rtKiness Cni« ibles sleaild stand the stnuigest heat 
to which they may la* subjt<t4*d without fusion, tir craikiiig, or miudi 
wastuig away , they should alisi withstand the corrosive action of the 
iuaU*n^ melttbtl in Uiem, and n slat the pn ssure of the tongs and the 
weight of the cfmtaioed metal The nature of the constituents 
empiojed ip their c«mstruction vanea th^eff ire with the materials 
wbloh th^ are to melt. (2) llie lo^er portion of a blast furnace, 
Into which tha xndiieed metal sinks, is called tlie cnioible, or the 
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Oroeible Cait Steel. — Ordinary cast etoel (q.T.)* ^ diatinguished front 

BciHMeiner und other mild steeln • 

Cmeible Tongi. — Tongu nned by brass and steel founders for the lifting 
of enujibles out of the meltinjr furnace Tliey enibra ‘e the sides of tSe 
(?ru( ible, and the handles arc elamncMl with a eouplei (q v ) 

Crude Oil — Oil newly exprc*ssed, ana unpurifio<l 

Cruihing Btraiu. — llie strain necessary (ause the faihirc of a material 
by compression only With rigid m( tals [q v ), as cast iron and steel, 
and short sptxjimcns, the enishing strain jirodiiri s hheaniig at an angle 
With flowing metals (q i ) the specimens giv(‘ w.iv by imlging 

Oruibing Strength Tie* enishing strength of a ni.itenul is assumed to 
bo fvnial to the weight w hn h will just ( rush a prism of one int h square, 
and f nun one, or one and a half, to four or me diameters, in height 
only 

Crutch. Tlie cross, or transviTse arm of a foundry ladle 

Crutch-handle Shovel. An ordinary foundry shovel, the head of whore 
handle is in the fonii (»t n letbr X, or like the head of a eruteh 

Cryitulliiation of Iron This is allcH bd hy the eonditions undcT whieh 
it IS c'ooh‘d If efKtK*<] rajudh against a eold metallic surf a< e it }>eooineM 
chilhsl, and the enstals are long and nts dledike If o<x)ltHi slowly the 
ciy^stals are laige and the gram is cfiknw* Oistals which arc near the 
surfaec' always arrange themsidves at right angles to Uie surface 
CrystJils nt>ar the siirfH<’< ar<‘ always smaller than those nearer the cen- 
tral jiortions ''ITh* < r> stain of graphib'minghMl among tbos<' of tlie iron 
are also atlefb'<l b> tlu* eondilions of <*ooling. remaining uueomhimsi in 
metal eo<ihHi sltiw ly, butenb ring into i hemieal < oinhmation when (violed 
rapidly 

Cube, (l) A s(juiir<' nnsm, Ismiided h\ six (snial faces, jH'r]><'ndn*uliir to 
oawh otJier (i) '1 ne ('ule <»f a numler is tlie pnxliK t of tin* number 
multi))1nHl twne into itself 

Cube Root. The euls' nK>t of a numler is the numlnT which multiphixl 
tw'UH' into its(‘lf would pnKliu e its rule. 

Cup Chuck, or Bell Chuck ~ A hollow' eihnclmal (hm k, made in \anou« 
moilili cations and si/en for tunung work Cup ( bucks for metal turn- 
ing are jm>\idi*tl with K*t-s< rows fur jumhmg rods and l»ars during 
tuniing For wihkI turning tlu timlsr is driven inb> Uie eyhudrical 
hole, and holds l>y its own friction .'Muall chucks an* made of braae, 
large ones of iron 

Cup-head Bolt - A l>olt luning a luunisjdKrical or cup-tduiiKd head It 
is uwxl ehietlv on timlnr work, and i«pre\tut<sl fnua turuing either by 
a hp undenioatb tbe lo ad, or n stpian -sbouUh nsl shank. 

Cup-head Rivet ~ Sna]>-}i<ad lU\et 

Cup Leather A leatluT packing ukhI forthe pistons of bydrauhcineohuHMi 

Ita cross wxdion lH‘tw<H'U the sides of the plungir ami Uie Isire of Uie 
cylinder is U-shajH‘<l. so that Uie side** of the Katlui art^ jirtxistxl IxiUi 
against the sales <»f tluqilungiT and of th< ('ihmhr with inei fusing forex^ 
at) the prt^ssurt' of the wntsr iiienaastxi Oup leaUuis and hat leathers 
(q.vA are made b> lacing ju\*smxI into moulds of cjist m»n. Cup 
Loatiier IVfss 

Cup Leather Frees ’^Tlie mould in whieh cup h^iUiera (q y ) and hat 
loatliers (q v ) tin* niuuKhU into sliajH^ It tMUisists of two Idof'ka, an 
upper and a kiwer, of east iron tunuxl truly, the space between tlie two 
btoedm comaponding with Uie inUmded seeUonal shape of the leatho*. 
llie latter is mfteited in warm water» and squoasea between the two 
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of ih« moald, Uy moans of a ('ontral bolt) and allowed to harden 
in 

C|p Ifnt — See Box Nut 

Cupola — The fumaoe in which cast in>n is melt'll for fiMindry use It Is a 
tall cylindnoal holloa* «truf tun', cin*ulnr in plan, nunlc of wn)ujk(ht-in>n 
plates nvctnl together, and hnctl with tirtvt>nok It is pnnidod with 
charging holo, bn*ast hole, tippuur tuM'n s, Hiid health. (,hip<»his 
Tarr in dimensions \Mth fmiudrv nspun'm* nts, or from tv^t) to four 
and* five Uvi in di.uiu*t*r, the height *MMng tn>iM tiv<* to six iliumeters 

Cupola Blast Furnace -A t«'rrn apidnsl to the lighter tilast fiirniu'es iHUi- 
Htruetod in nxHiut years, as Jistingtii*»ht‘<l tn>in tlie older and moire solid 
forms (Hipfila blast fumaeos an^ hiiilt of wnnight inni I'astul with 
brickwork 

Cupola Fan -An onlmar} fan provided with radial vanes, used for 
MUpnIving the tiiven'sof a cu|>ola with air 

Cup Snake - V sliani in a t>alk of timtMT which is emMiniferi'iitial, sejva* 
rating the annual rings 

Curb, or Curb Ring An int«Tnal ring of i« »'th us4<d for turning or slew- 
ing cranes around A pinion noolviiig in a fixed Iwnuing on the up^sT 

portion of the cnine, ih, hy suitjihle gearing, made to travel round the 
curb ring, (arrving tlie iTane along with it 
Curb Ring ~ Sv Curb 

Curred Roof -- \ roof art'hisl in end view Curved ^H)fs are usually 
ivivenst w'lth ( orrugat^sl inut 


Curve of Expaution The curve whudi represioits the expansion of a gas 
or vajsMir und« r dumnishisl pressure 
Currillnear \ line or a path ot motion whi< li is curved 
Cumng of Patteme - 1‘oundrv putu-nis whnh aie long, nnmtw, and 
ribtsxi art^ curved m the direction of their hmgth to 4 om)>ensate for the 
curving of their < istiiigs, <lu<i ti> the umspml <*ooliiig pnMliK'isl liy 
uru'tpial distnt»utiori <if irn tal llie dins tion and amount given tf» the 
( iirvuig IS alwavs the not rso of that whu h is i xjms t*sl to take place in 
thi* rjisting Its dins tern and amount is solely a mitUfr of ex[Kirieno<3. 
CuabloaiiLg — A piston is said to l>o i iishioneil whi'ti the valve iB opened to 
htnl Cushioning taktvs plaie just Isdore the «*n<l of the stroke and the 
lead inav average ^*4 in in t ngmes running at nuslenib) s|mskU. 

Cut 17n r»*mov d «>f a shaving from s pus* of work in the lathe, or in 
planing, Ismiig, and siinilnr mm hue's. Thus, it is common to apeak of 
the breadth, length, and depth of a cut ln>n tumt'ra and mochmiats 
apeak of the nrtjgn^ of an automatn ally cutting tool a« the cut ; thus 
tne cut IB said to Iw “on,” or “ off,” oojording as the tool la cutting 
or not cutting. 


Cut-off. — The tfrminaiKtn of the period of admission of atoam into an 
engine cylinder Cut-off to^ik plme in the older engines only at the 
Umuiiation of the strike, hut is now • tfis ted at frm'tiorml partsof it, aa 
1 r §. 'Tlie jsjint of cut-off la r< gulated by the amount of lap on 

Um Alide valve 


Cut-off Fluto. — A cut-off valve (q v) 

Cut-off Valve, or Cut-off Flute -'nio M'coml valve in the arrangement 
for working Bteam expanitiveiy by meuna of a laqmrubj alide. The ent-off 
valve ui ujitiel^ a plate provided with orrisfi Isara and porU, or ia erdtd. 

Cut i^prifni* or dmt Brads. — Ueod by numldera for mending up broken 
mnOy me eprigB btudlng the euid together. They are aleo need 
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iot ihruRting into Uie thinner and weaker portions of moulds to 
support the sand. • 

Cutter. — (1 ) Any cutti^ tool fixed in a machine, for the automatic cutting 
of wood or metal The angles of cutting tfxils and their shapes va#y 
with the nature of tlie maienals to be otwratod ujxjn Cutters are held 
fast in cutter blocks, tool boxes, and cutter bars. (2) Sometimes 
applied to a cottar (q v ) 

Cutter Bar.- S<h- T<m» 1 Holder. 

Cutter Block - lliat ]M»r(n4i of a wofxl-working madiine which carries 
the cutter or tofd. The cutt^-r bUnk ina\ lui hk tanirular, or circular, 
or dimMJid, in shape, aec/trdmg the (lass of madiine to which it 
belongs. Cutteis nio almoht iinariablj held in jdace witli screws m 
preferencij to we<lgoK 
Cutter BLead.- A lioi mg lo ad (q v ). 

Cutter Holder.- A bu.l hold, r iq v ). 

Cutter Pip Drill. - A nehldiMl pm drill (q v ) in whah the jnn bf'comes 
ilie gnid(» for a rutt4 1 , tin <\t4iitot u1h)h< radms i^ iml* jx mh iit of the 
size of the body of tin drill its«lf 'J'liat p.irt of tlie iiniiiiHiiately 

els»ve the jun is swdhul inl4) a s4Mk4t dotted throutrli trans\<rsely for 
the riHM'ption of tlie (Ut1< i, whom* shank is eottarod into the slot, and 
whose (utting cdg(‘ tiiiuH do\Mi at right aiigl* s lh<*rewith A hole 
lioing di illid foi the ]»m in tin tiist pl.m, tin cutt4 r d<f« liU's a eiu In 
around tins, and Illinois a imgof iint’i) iipial m ladiiis to the mdius 
<if the I utti 1 ( 'ntO r Jim di ills nn um d tor hoh s of t wo or thn e iin hi s 

and upwanls in duiirn'ti i, and aii ji.irt n ularly um ftil for making the 
holes 111 lion and stei'l buih i jO iti s fol the lis < Jitioii of tlie tuls'S. 
Cutting Angle S. <> Angh s of (*tittmg 'i'ools 

Cutting Blast. A cujuda blast of too high ^«^ollt^ for the nHtuTi> 
of tlie fuel and < hargr A cutting blast will bhiw away iiimh of the 
fuel. 'J’ho l»n hsuie slnuild sildoni exm-d 2 iinbcH of nirrciir> 

Cuttinff Edge - 'I’lie islgo of a luttmg liwd ugauist wbitb tin dnision of 
Die diuuiig takes place, (hi tlie projM'i f»»nuafjon of tlie edgi dijxndi 
the oftici<aic\ of Uu’ iiistruimnt, and tiie angles wlmh pnxime the idge 
vary with tlie iiiutirml to Ik* t'ut N e Angh s of Cutting Ttsds 
Cutti^ Pace — I'hat faco of a cutting tixd against wlmh the material is 
removed, (uid along wlmh it curls or is tiirust usiile. (Joiumotily Uie 
outUiig face is the top faci* 

Cutting Gangs— A gauge fumislnd with a narrow knife-likr cutter in 
plac(> of the onlinarj' maikiug ]»oiiit, luid ustd fur i utting ulf nam^w 
|iarallel strips of thiu stutf . 

Cnttlng Hippers — A pmcer like t<xil, liaxing sharji edges of hardtaiid 
st4H^l, and us4xl for cutting oii wiiv of small gauge 
Cutting*oir Maehine - A nuuhine usid for cuitmg off lengths of bar iron 
in the HniiUiy, by wlmh Uie lalsiui of nuirking off, nuking, bimking, 
and mjuaring up is siutd llie iron is pasMul thnmgh a hollow’ mandrel, 
is atojiiHHl by a gauge plati: , niui is jviutid by lUtUi'S 
Cutting r liars — I’ln rs {(i > ) w hudi, m luUhtiou to the flat and rrmgheiudl 
jaws, art> funmduHl with a }xur ot sliarp iiijqwTs phutd to one side for 
OUttlUg off WITS. 

Cttttittg Tools — Tixils wdiich sIk^. or sr'rHjx', or cut shavings from 
matoiiaU, in oppoaition to tho(x> wdiuh abrade or grmd away Thus 
d^aels and gtiugi^a, planiMi, turning Uxils m all their forms and modifl- 
catiocis mm V be taken as types of cutting tools. 

OultiBf Touts (Spood •f).~>'nke ^>eods of outting tools rmrj within 
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extremolj wide limttA, beinj? qnickest for wood-working^ maohinofy and 
•loiipst for the hardest metals , thus bearmg' out the tiuxthanical axiom, 
that speed and power are m inverse ratios to each other. 

Cn^tutg-np — The gtishing^ of the hiH>ken txlifes or faces of a sand mould 
pr»*|>timtor 5 ' to addini' fred\ s.inil for iin ndinj?-up 

Cjmat^sn — A compniud of < irlxui iMth nitro|jfcn, \\hich is Indioved to 
play an important part in the transforeiu'o of carlmn to nialU'uW© iron 
in the procM'ss of stei'l iimkingr an<l m the <'a*k'-h!inlcnu»^ of iron. 

Cjel9 — V cy( le of openitious Hiirnifics the complete i of work gtme 
throtigrh by an t^ntrine in »mecomj»lete ie\olution, einbraeuigf the admis- 
sion of steam, its t'xp.ansion and cHUideiiHution 

Cycloid — A our\c hirnoHl by a |>oint m the cireumfeienec of a generating: 
( irt'le, rolhnir iijx>n another ( in lo os a l«ist' line. 

Cycloidal Teeth 1 Us^th wboiM) our\es an^ <‘\( loidal in form. 

Cylinder — (1) A solid wh<we ends arocindes jind wli . se (>ioss fss'tions at 
any int^Tiuediate jvnnts are als4i cinles It !ni\ tMiiu'eiviMl to Ik> 
fonmnl by tbe rot ition of a line around the < ireiil ir ends ( j) In engine 
work the < lo-^ed ri'ieiver in whieh tlu' |wn\ir of the Hteani. organ, or 
w '4(<‘r, IS in ide to aetii.ite a dis<' or pist4>n 

Cylinder Bit, oi Half-round Bit A Iwiring bwil ined for metal or wo<m1, 
wloHt* ws tion at the ( lilting face is that of a si inn in*le Its cutting 
faee *s slop( <1 at an ingio id abrnt 4 It is ein|ilo\ed for the iMiruig 
of Mrylong hobs win re niiu li aiiurny is esMutial It is entertsl 
first into a sb ill tw bole pn plied for its ns eptioii with a gouge or a 
dnll Also bniud a I)-bit 

Cylinder Bore -'I In inti rn i) diann ter of an engine eyliiidi'r when ftnishiHl 
in readiiK •'S to nseue the jiiston Tlie bort' and tlie length of a piston 
stroke an among the ins sH.iry fa< tors for estimating tho hoiHt*-iK>w'er 
of an t ngiiit 

Cylinder Cock IVt Osk 

Cylinder Coreri ~ 'Hie « ov. ns or ends of an engine rvlinder made sepa- 
1 4t< 1) from tho Ixuly of tho «>bnder its* If, for i on m nn m o of casting, 
Umiig, repairs, and i xamuiation of th ) latti r Sometimes the Isittom 
4 nd u 1 .4-t w.hd with the <•> Imdi r, and the ton (*r front cover only 
bdbd on d h«' fop <o\,r H ulw'ivs funiHlod witli tho nfSM‘S«i4ry 
stottiuk' ls4x tin I gl Old for tie* pt-ton rod In largo fugims the coytTs 
an di-tb-'^l or bu<kbd the In tti r to wltlmtarul tlio » iiormouH Kteum 
pr^ H-turv (.’oilts an* attiilml to Uio c^inubr tiangcH by btilU or 
sttuU 

Cylinder Eccape Valye — V valve supjx»rti*4l by a sjiiral spring, attached 
to the ruds of m-inm < \Imdera to nnit of the a|>o of tin* wabT of 
ootidt^ns^ition, and of pnimng It is t lu bH<sl m a « uji of metal, t<) pro- 
tect tlie iiigiae»r and .ttt* nd.ints from Is'i ommg hn uldisl in cwmi of a 
sudien blow'-otf of the hot wab r Also tofmisl It« lief Valve. 

Cyl nder Flingei 'Hie ding*** c.ist upon an engine lylindcr to which 
the covtra are bdte*! Tie v arc always f Turmil, cti ept in some few 
cylinders of s|>«s lal <oustru( tion, wle re u IsdUmi flange is iiitertial and 
a top flangf i xt* mal. 

CyliiuUr Lubrication — Engine ‘vlnuhrs are too often lubricated with 
taihiw of mivnttT nua’ity, by wIuskj lanployment distructivo <»rroidioii 
it mi up Ammal fata and oils are not suiti4blc for oylindcfru, but 
anwially prupuned hydro-carbrm oils should be used See Oila. 

Cyundir Lnbricnter —It m nw^easary that tho pistons of engine oyllndert 
■h onk! be finedy Inbricmted, and yurkme lulnicatoti ure empk^ed for 
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the purpose, both single and ooropound tallow -cups, and 8elf>aotmg 
lubricators and impermcators (q v ) 

Cylinder ICandrel — The mandrciH of ah lathe poppets of good wortman- 
shu) lire made hollow, ho tliat the travcrning Ncrcw is contained therein 
and tru\« 1 m within the l»ody Ifciicc t< nntMl (^Jylindcr Mandrils 

Cylinder Metal Strong or shpperj mm (q v ) uwmI sjui-iallv for steam 
cylinderH and linrrH hlnnavon, Miidi ley Wood, and hamiatite iron, 
mixed with stliMtxd wrap in varying proportions, make good cylinder 
metal. 

Cylinder Oil Oil prej ar* il npci lully for tlu‘ luhru ation of the pistons of 
engine <>lind<rH, in ]ireffren«e to tallow, whuh decom^Hjses, formmg 
futtv acids that coirodi' the iron. 

Cylinder Paisagei Si c Port 

Cylindrical Gauge A gang* lornjiosed of two pieces, a plug gauge or 
Holul »>linder fun idMil with u handh , and a eidlar gauge or hollow 
eylinder inn» whe li the }»lng' gauge tit>< Tliese gauge** are used as 
hmqdets for Istnug and turning pai t^ #if niachint's w Inch are reijuireil 
to oorri*Mj»ond in dinu nMiouH, tln' plug gauge In ing mw rtisl into a bortsl 
hole and the collni gang* la ing sli*l om r the sjundh* oi shaft which 
is r<‘(pim‘<l !-<• tit tie ImikhI led** Tin* uh<‘ of giiugm is not subject 
to tin* iTKirs in* id* n(4il t-*) th*j handling of (ulijarM See Difference 
(hiug** 

Cylindrical Monthpiece Th** jiaHwnr*' of ifflin'nt lupiid thiough sh*>rt 
imiulhl tul»*‘H pnuludH h'Ms <onttintu*n than in a thin ]>hit4‘ {s<e 
V*‘im ( I<»nlia< t «), lln* (oitinnnt td *lis«haige for diff*T*‘nt tulM*s \ary- 
ing with tin* hngth 'riiuM the *«at!i*nnt for a tuU* wh*>w* Ixire is 
\ or I 111 *' hngth is 81, wh<r<‘ tin* bir* is \ t^t th*' length 77, an<l 
fnitii V to .,\j, (»8 If th* tulK*s HI*' n*>t para II* I th*» **<>* f!i* lents an* 
*lilt*a* nt f*it a *'on\*rginu- niouth])nH», tin* auirle of whos** suh-s is 
Idl, th*' * o« flti 1 * lit for tie n *1 KOI I nd If* oj ^\ iili a <1»\ i rtrmg nuaith- 
jii***’*'. nngh* 6', the e*>ctti*. i* nt f*»i Uie n iiniw * nd is 'J2, h*r tlie hnaul 
•lid o6. 


D. 

Dabbing On — Sjuvinlh apidusl h» flu nmking of some forms of butt jomts 
(q V ). Thus tlu' N)x*k** ends *»f ruilwn\ wlusds an* dablsd (m 

Dtmpar A jdate, \ahe, *'*»\er, *>r t*th*'r suitahlc contrivance* for n*gu- 

lating tin* amount *if draught in a 1 h»i1i r *>r fumaia* flue 

Damper Weight A weight use<l to i<»unt« ihtlaiu*' that of the damjier 
of u steam UuUr in «*nl*r t«> tviuier it eas) of adjusiiueut. 

Damping Sit* Wat< nng 

Damping Down Shu king down (q.v.). 

Damp Steam Wet st4'Am pj \ h 

XNim Plate A cast-m>n platt* whmh fonns the Kaekmg or support for 
Uie dam stoiu* (tj a ). 

Dam Stone —A stone *>ceup\ mg *»«e •ade of tlie hmrth of a blast furnace 
over w*hioh the slag and thnuigh whieh Uic molten metal la 

tftpjxsl 

Daageront Section. - Tliat mx tiou of a bar at which the bqudizig moment 
(o,v ^ is groaU'st 

Dm PUm.~~The puton eliding in the daeh pot (q.T.) of a Corliiw 
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enffine, wboae roloase by a spring- closes the steam or exhaust ralres, 
ana is hose cononssioii ia doadened by the springs or buifers oiioloeed in 
ih# dash pot. 

INiah Placet, or Divition Flatet. — Plates soinetimcs tixed in a marine 
• boiler in line with, and over, the hila's, in onliT to proM'iit the crown 
plates of the firc-l>ox from Iwing to tin* action of the dame 

when the ship h« els over ht'avily Bvit f«»r these plates the \%aterin the 
bahr would run to the Ice ehle, and lea\o tlio plates Uunporanly 
luirt*. 

Daih Pot — A small cylinder f<»nning a {xution of <'iuj:ines of tho CJorliss 
and similar typos, whost' function h that of a hutler case to tho shanp 
elosiiiij;- of the steam and exhaust \alves It is furnislnxl with 
springs of sba.'! or india ruhlH^r, which tlcadtsi tho Mow of tho dash 
piston (<| V ) 

Datum Line. - Any t*iiso or fuiulanu nhil hno frimi which diinensifuis aro 
taken, nt graphic calculation^ mad<' 

Day Work -\V ork done w ithout any definite pnee being given for ipian- 
titv, the workmt n Inang (H <Mipie<l onl\ sonian\ hours at it Dayw'orkis 
chiefly dfJtie in path'ni shops and in foundie s, md in the >tlier <lepart- 
mtaits on lobbing work, ainl work wlinb will not admit of aecurab' 
♦estimate of eost, or wdii. li is nspured of tlrst-( lass » xcelb iu'e Rut in 
foundn<*H and other tbops where mu bine work h done, day work is not 
the rule See Pits Work 
D-Bit * A ejlinder bit (q \ ) 

Dead -Ml A (omnvm t< nn of einpbasiH, as deid bwi 1, dead square, diaul 
true, Xe (2) >rt»lt4-n nu t«l is said to be d> .id w'lieii it pours tbn k, 
sluggish, and vis< id, due b> insullit u nt nieltinu' or b) ba\ ing Teinaiiusl 
tisi huig in the bulle I)t ul nu tal is lialib t<> pUMlm e cold Nliiits (q v b 
though for heavy clas*s s of work it must imt Ui poured t( o hot (.{) 
TiniWr IS dead when tlu wissly w ills of thevessils h*s onu* partially 
d<sH)rnj»os«sl, t'lnong blown nn«lfriahh> \U« mate exposure bidrym ss 
and moistur*- is the most fi uilful souo e of drv -rot 
Dead Axle An axle wlm )i is not a dimiig i\le v ) 

Dead Blow il* A blow w hu !i is not of iin*listi< < hanu ter To strike 

a d<ad blow tlie bandit* of tie' humnu r must Im graspisl Hrmly. (2) 
Induabs (ht natuft^ of tlu» hlt»w' given Ity tlmst nb am hammers in 
whit h no St* on is intrixhue*! Utweeti the jastoti .ami the r*ylinder end 
fi*r t u-thi 'umg St e l laMti* Blow 

Dead Centre l*athe \ lath* who*** front pom! ttutre dtsis rud revolve 
with a mandrt 1 , as is lit. t as*? with •/nlin iry lath* s The work alone is 
n vttKtsi trt‘twe»ri d< a«i <*ntrts I)» td * • ntre Iitlus are only used for 
work rt**piinng sufli a*sairary that the ri \ointion of tho inAiidrul 
Would Is Ic *» lionahh- 

Dead Centrei, »r Dead Pointi - r, In a rteipr»s ating engine or pump, 
when th* axis t»f tlu* pi«tou-r»M!, tlie • rank hIi ift, and th»* < rank pin are 
all in hue, the i mrim or pump is Kuid to M* on di ad mitres 
an fiAgino on detul c*uitn*s cannt*t Is start.id by the steam prif^smiro 
alone, hut rwpiin s txtrune*»us help b> turn it partly n>und, and start it 
on its rotation In a douhh* t ngine having * ranks at right angles, if 
one is on df^l centpr-s tho other is in the ts-st [Kisition for starting, so 
that, prailuallv, tliero can lx* no di*^! o^*^iitrcs in the (jomo of su<'h an 
engine Too plain conical cxmtn s ut the headsbsA and pop|x*t 
mandrels flf a Uthe. Tlieisj c^mtres are uscsl when long (*yUiidrieal 
worir ia being turned, the ends being centre punched and slightly 
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drilled to veoeiTO tiie oe n tre points* The wotk Is Uien xerolTed hf a 
osrrier sad driTer. 

Dead Syes. — Bearings irithout any line of division or lointnrey sooh as 
exists in a plummor block ; the hole being bored throogn solid metal, d. 
dead eye answers the same purpose as a plummer block, but is capable 
of no adjustment for wear, except by rebushing, and is consequently 
used for rougher and more temporary kinds of work. 

Bead Head. — (I) metal (q v.). (2) The metal in the runner (q.T.) 

of a mould, (3) Tlio feeding head (q v ). (4) The poppet (q.v.) of a 
lathe. 

Bead Level — Simply used in the sense of being perfectly or quite level. 
A term of omphanis. 

Bead Load. — A load whoso pressure is steady and invariable, neither 
being removal, dimmishoa, nor increased at any time. Structures 
subject to a dead load undergo h^is stress than those on which the load 
is variable (see Live Load) and therefore a lower factor of safety (q.v.) 
iudlops. 

Bead Load Safety-valve, or Oowbum Valve. — A type of valve which is 
loaded without the iuterj)osiii(»n of a lever or spring, the load oonsist- 
ing of annular wt‘ights which are dropi)od over a oylindncul seating. 
The weight on tlio valve is increased or diminished according to the 
number of rings emi)loyod 

Bead Melting — The peiifi^^t fusion of metal, obtained by allowing it to 
remain in tlio furnace in the fluid state for some little time previous to 
withdrawal, and so increasing its tomiieraturo some 200^* or 300* above 
the molting p<)int 

Bead Parallel Kle — Parallel File 

Bead Plate ~ Tlio cast-iron plate immediately within the fomooe door of 
an engine boiler, which riHM'ivcs the fuel lH‘foro it is passed onwards to 
the imto surface The function of the dead plate is the coking and 
par^l ookiug of the ooal. 

Bead Point! — S(*c Dead Cinitres 

Bead Ponring — 'Flio j>ouniig of metal which has l)oen allowed to 
thiokon or liocomo dead (q v.). It is adopted \iitli tlio heavier castings. 

Bead Site. — Tlio exact or precise sue or leniurtb, tliat is, exclusive of any 
allo^tinoos for oontiiigencies or for machining A finished dimension, 
or tlio opposite of a rough dimension. 

Beadnunootn File — ^Phe flncst-cut file nuule A 12 -in. file of this descrip- 
tion would contain 88 linos of tooth to tlie linear inch 

Bead Spindle. — The mauilrel of tlie popjH't (q v.) of a latlie, as distin- 
guislud from the live spuuUo (q v,). 

Bead Water — Tlie water which lies below the heating surface in a 
steam boiler, mid where circulation is extremely sltiggisli. In Ckiniish 
and Lancashire lioilers the flues are brought forw^anls under tlie bottom 
to heat the dttad watiT 

Bead-weight 8af»ty Valve — See Oowbum Valve. 

Bead-weight Test, — A test to which rails, l>ars, and machinery are sub* 
jeotod, the load being a dead load (q.v.). 

Bead Wheel. — In an epioyoUo train (<pv.) tlie wheel around whoae oentre 
the remainder of the trun revolves is called the dt'od wheel. 

Beal Vnuae. — A reoiprooatiug or frame sawtug-machino used lor the 
ootlliig el doali ana boards. It is smaller thim the siinU|ur frame mw 
for cuitiiig legs. The driving or feed roUere alee revolve la a vertieal 
hudead el la a aoiiaoatal axlii 
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Dttlt.— Sawopine timber meommng osnal^ not leas than 9x8 and not 
nmre than 12 x 3 in oroes section, llxaber exceeding 11 in. in width 
iraten oonyenticmslljr tenned deals, but properly comes under the head 
of planking, 

ftaeagramme. — A French measure of weight containing 10 grammes 
(q.r.), and e^ivalent to 154 34 English grains 

Daoalitn. — A rVench measure of capacity containing 10 litres (q«T.), or 
2*201 English gallons. 

Baoametre — Ten French metres (q.v.), corresponding with 393*7079 Eng- 
lish inches. 

Beoarbnrisation — The removal of carbon from combination witli metals 
m the processes of the manufacture of malleable in)n m the puddling 
furnace, and of steel m the Bossemor converter (!See Oarbunxation ) 

The deoarburizalion of malleable iron castings is effected by the pre- 
sence of a cementing material, as rud h(cmatite iron ore. 

0eoigramme — A fVenoh measure of weight, Iteing the tenth ptu*t of a 
gramme (q v ), and containing 1*5434 English grains 

Dartre. — A French measure of capacity, being one-tenth of a litre 
(a.v.), and oorresponding with *1761 of an English pmt 

l>e€imal — Sec Fraction. 

I^eoiaial Equivalent. — A decimal numlnT, — integer and fraction com- 
bined, or fraction alone, which oorresponds m value with an integer and 
vulgar fraction, or vulgar fraction alone It is useful for focuitating 
calculations involving the oasistanoe of fractions. 

Decimal Gauge — Sw' Wire Oaug<*s. 

Decimal Pitches — Millimetre Pitches (q v ). 

Decinet'c — A French moasnro of length, bein^j the tenth part of a 
mt.<itre (q v.), and equivaloiit to 3 93707 English uichos. 

Deck Crane. — A fixwl crane used on board ship. Tlie central part of the 
poet la fixed tightly ir a plab' which is bedtod to the dock, and its lower 
end is dropped into a sbip or too plate, fosU^nid to a lower deck. The 
gearing, aide f ramies, and jib of Uio crane are made to slew around the 
post. 

Deek li^nch — A MU*am winch (q v ) bolted to the dt'tik of a shin for 
hoiating or lowenng gtsKla from, or inb> the hohl, and generally for 
doing work whereby manual jsiaer ran savtd. 

De^well Pump ~A jmmp spiciallv eonsiruebnl for deep-well opera- 
tkma, the tenu liuving referenoe to the nature of the pump oonneotloiis 
strainers, returning valves, 4tc —rather tliun to any particular type 
of pump 

Deflection — ^Th© iM'Uilmg of a beam or stnudure under an apt>lU»d load, 
and whh;h may be inereasod until the brtfiiking strum is roaeiiod. The 
deflection may lie srmdl in amount, and the l>oam or structure return to 
its original form, or it may iu( revise and accumulate, liecotnUig perma- 
iieiiUy set fq V ), or it may go fiutlmr and Iwnl b) the crippling of tlw 
beam. A slight amount of permanent set is not injurious, but crippling 
is utterly ruinous 

Defleeter.- This m a gcm^ral senii© denotes a bridge, ora bell, or trumpet 
mouth ed opening, used for deflecting hot gases or lu|uids out of a 
•traight course, ai^ liaving its applicationt in boiler coustructian. 

Dli h rmatiftit — Tlie altcamtkxn in form which a stmeturo nndergoee when 
•uhieDted^ the action of a load, the loud producing either an elaetlo 
stitti (q.v.), or upennanent set (q.v.), 

Mlvm.---A tcrmiignill^^ manmir in whidi a puUeni leaves or Hltf 



io6 


DICTIONARY OP TERMS USED IN 


horn tlie sand. If tlu3 mould remains unbroken it is said to be a good 
delivery, and tbe contrary when it tears the sand in the act of with- 
drawal. See Taper. 

Delivery -Soo Deliver. 

Delivery Box —The upper or (b liveiy ehamlwr of a senos of two or three 
throw pumps, into wnich the lujuid is lifted by the pistons and from 
wliieh it IH delivered 

Delivery Pipes — llio hotk^h of pipf*H tlirou^’h which tho Inpuds drawn up 
}fY purnpinj^ machinery arc ej<*<‘t<*d 

Delivery Valve, or Discharge Valve — Tlio pump valve tlirough which 
the pump eontenfcs arc ej<ieted into tho deUver>' jiipos 
Demy Drawing Paper. -The simillost suso made in sheets, measuring 
*20 In by ITit in 

Density - Density has ndertiieo to the amount of matter contained m a 
liody Density and spin itic? gia\ ity are proportional Sjieeific density of 
a l>ody IH its di'iiHity eMtimat<sl in nlalion to that of another body. 
Vhitinum is ib<^ (lenH(3st, b\drog« n tho nirest, clement 
Deoxidation The remrival of ox\gen from metallic oxides, effected 
during the ])r(M3<3SS4‘s of e.il( luation, smelting, puddling, and coinertiug, 
tho gasisms ])roduet/< Is'iiig eurlsmie oxulo and carlsmic acid 
Dephosphorisatlon remoMil of phosphonis from (uimbination with 

iron and st-e^ 1 In the Ithist fuiimee it is sean'elv eliininahsl at all , in 
the pudtlbng funuue it is reiiio\»M.l by the biisie nmtfnals use<l for 
fettling, eomhiiK**! Hitli ♦ xiK>sure to Uu‘ lu tion of the air , in tlio Besse- 
mer eon\eit< r hy the biisi<‘ buiiitr 
Dophosphorisation Process The hasi<> proeesH (tpv ) 

Deposit See lie niHtation 

Deprooiation 'llie los<4 lu \alue ^%huh maehnH'r\ Hu^^tains v%ith the lapse 
of time, wliieh amount lias t-o bti \%ritt4*n olf the j»nm»‘ eost annuaflv 
Tim loss due to \^ear and ti'ar is adthsl b> this The bdil amount is 
usually taken at (• p<*r cm nt for engnu‘S, 10 for Isuh rs, 8 lor ma4‘hiueH, 
/) or <> foi mill\%oik mid guinng, •!.> for Indting 
Dorriok A fonu of inme in >^hieh the mdius of tlie jih is rendered 
eajHihle of alteration 1*} iiu'aus of thains or gu> s pussiug r the hip 
of tin* mast D^'mi k « raiu's juopor are fixtsl < ram ^ \ j, l»ut pirtahle 

(TiineH, I with haiul ami sti'um, are jiroxuUsl vMth movable jil>», whoso 
rmsduiniNm for dorrieking is mad«‘ in \aiious t\|>e4 
Derrick Chains - d’ho t haius b\ \\huh the jib of a ch inek crane is raised 
orlo^^^'Msi 'nu‘> aie xsouml ami uiiwttnnd otf a lairrel <ulkd the dir- 
riek barn 1, the engine piwer is mg tin’ iimtix* r ustsl 
Derrick Gear The aming4'm«*nt <»f iluiuis, iHiml, uiuWunn gearuigby 
ifcbndi the jih of u df 'irnk tranb is ruis<d ami low end, 

Derrlcking 'I'he net of raising or lowering the jih of a derrn k crane 
Design. (1) The drawing out vd a machine or striu’ture (2) Tlie work- 
ing out of nuvhanical i«h as Tlie art of designing m not so onguml as 
eomo would HUmsise, since few engims r» dan> U> strike out lu w and 
untritd |>alhs The stmlv of new d^wgns and Uie ris*ordsof the Patent 
Olftec du>w that a d<‘sign is in most . asts the ntihsatum of previous 
cxperiimtvs, and tlie Hj>jdu ation of old pnuciplea to new iiudiiieationfl 
in pnicti(M> 

DesTupkaiisation —The nmm^al of sulphur from ooanhmation with inm 
and shad It la largely reiiuntd duniig tlw mlcbiatioii of the tiro; 
ita diminaiitm in Uie blaat furnace demmds on tho nature fif the Aux. 
WItk wa exceea of Ume » porUou oi tuo sulphur unitea with the ; 
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if gflica be lar^ly fflfesent, the sulphur, instead of uniting with the 
lime, will renu^ m the pig. A high temperature is also fayourable 
tS the elimination of sulphur, so that the grey irons which arc produced 
at a higher temperature than the white irons contain less sulpnur than 
• the latter. In the puddling furnace sulphur is removiHl by tnt^ oxygen 
m the fettling, m the Bessemer coii\crt(T by the oxygen in the air 
which IS blown through. 

Betail Drawing —One which is not a general drawing (ij v.), but em- 
braces simi«‘ portion or section only of a nia('binc. 

Determinable vluantity — A quantity whoso vuluo or amount can bo 
determmed or fixed from otlier quantities aln ady known Thus, the 
temperature and prt'ssure of any gi\eu\apour Uang knowm, its volume 
(Uii Ik* detenuineu, and is tlierctoro a determinab^ quantity 
Detruding Action Wh* n a h<do is punclusi 111 a plate the action is that 
of dctrusiou, and tlio plate is straineti more than if tlie hole were 
dnll(sl 

Development — (1) A drawing is saul to bo devclopwl when certain 
working d< tails are dniwn in full Thus a pr(>])elltT blade is devolojied 
when the various tninsverse mrf ions arc shown . the sis'tum of a turbine 
is dcvclojMsl uben the curies of the vanes arc fully drann , a plate or 
Uunplet is dcvclojH*!! wlu n it is so inarkisl out that if cut to the 
de\« ic^l lull's and tlicn Isait, it \ull foini the cnveloiie of some 
definite gj-onictncjil figurt\ as a fnistrum of a lonc, a si'gnicnt of a 
iqihcrc, the kniH.' of a A,c ( 2) lion or sti'cl nu kisl and Ismt sud- 
denly sbo^vs a «r>staUiric fnnturc, but when lient sbo^ly the fracture 
IS ot a fibrous (baracf4T This latter iimhIo of f rat tun' is teniuid its 
dr\i lopment, and the fibres arc said to be dcx'lopi^d, or drawn out 
Devil * A light iron lattice-work frame, iitbi r i ircular or ri'ctungulnr in 
outime, fillisi with burning ibuKoal, and uwd 111 fnundricM for drying 
the surfai'ts of gTis'Ti twiiul moulds It is lUthcr HUMjM’iuied in the mould, 
or laid upon iron nsls placiil ovi r it. 

Da^^onal A straight line joining op{K>Niti' angles in a triangular, 
quailrangular, or jioljgoiuil figure 

Diagonals Uniciugs pbned at an angle at rt>SH rectangular framings, to 
pre\fnt albnition taking ]»hwe ui tlii' sliape of the fmines. Ileiico 
Um bra<s's, or struts ainl tu n ’»f a lattue girder, are its diagonals. 
Diagonal Scale A sfale ui«d for dm wing puqMtH<*s, whnh lias, in addi- 
tion t*t tb* primarj diviKimiw, ono »r Ijoth end divisions (*om*sj)onding 
in length with tin {'rimiir\ ones, dividf*!] into b-n < qual parts Kleveii 
f'quidistant and parallel lin* s are nlao drawn in u longitudinal direc- 
tion and di igoniilrt ilruw n from tlu ttiith division on one oiib^r ioiigi- 
tudmal to tin ini.fh on tie other, iiini w> on in su< cession With tnia 
iKiilt’ one Kundn*<lcii-[uirts of the I'rnnarj divisions can be taken off 
Diagonal Stayi. - Stays use<l for »*tifteiiing the » nd plab's of sb’am boilem, 
la pr*»ft n nee Ut, nr tn assist, ♦he longitudinal stays. They reach from 
Inner face of the plate to Uiat of tint shell, m a diagonal dirt^ction. 
4lliil(|afBal Winch Astmm wunh wlntsc ryiiii<ler» are pla/gsl diagonally 
on the side framiw 

Diagram. -An outline drawing, or graphic wnstnntion, imule for tho 
purpose' of illustrr ting or elm nhiting some probk-in in rnis lianical or 
aritiuDHkml study. 

Diagram of Work.— It is customary to estimate the work done on a body 
by a gripbie metlujd A jiaraih logrum is tvmslrueted and a curve 
op r^ l o e ed therein repreaenta the ratio bcrtwceti pretumree and voltunsa. 
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Tho pamllologram in divided hycnmod lines perpmdiouhur to eaoh 
other, termed respectively lines of pressure and Imes of volume. , 
Mil Oinf e — A dial having' an index hand aotoated by a bent spring, 
AjMlMfiKh which the amount of pnwmro in a boiler, or of the vacuum m ^ 
^^Mmdonscr, ia indic^ib**!, the dial lK»ing gnwluat^xl accordingly. All 
‘t#Kiligcs of this kind arc iiuide on Ikuirdon’s spring pnnciplo 
Mameter.— The diarneb r of a circle is a lino passing through its centre, 
and uniting the cmiumfercncjo or sides. 

Diametral Pitch. —A mode of expressing the pitch of toothed wheels in 
terms of tludr diameter It is ohtainiNl hy dividing the numlnr of U^th 
by the pitch dmiiu bT. Thus the diametral piUdi of a wheel C in 
In diamekT, and (xjntaiuing 48 teeth, would l>c 8 Conversely, the 
diametral nikh Isjing given, the numlw^r of t<tth dividwl by the pitch 
gives the (liaim*k‘r at tho pitch line. It is the rule to give the sizes of 
change wheels for lathes iii diiiinetral pik'h 
Diamond Point (1) A iwdnksl tool ufwsl hy patk-m makirs for turning 
tho inner fae<*H of work whuh, owing to their ohlupiitv, or to tlieir 
being bounded hy (yhudru'al walls, <’<iuM not Iw rea< lud hv ordinary 
chisels. Tlio cutting edg(‘s of a diamotid-|Ktiukd k)ol w ill “t iial at an 
angle of from 20'’ to 40" with the Iswly, lK)th etlgiii Ix ing gnuiiid sym- 
metrically, so that in plan they form the HhajH’ of a letter y. (i) A 
narrower ksd hut of siinilar nhape is ufK-tl hy metal turners (8) A tool 
in which tlu^ cutting angh'S are more obtuse is us< d hv titters and 
boiler makers for the purpom^ of cutting holes in Isulers and other tliin 
plak's, an<l for nicking nmnd pipes and tulH«s wdinh have to be 
uToken off 

Diaphragm. - A huilt-up distance phs'O of plaki and angle-ium wdiieh 
uniUm two pamllcl gird« rs k>gt'th< r 

Dls. — (11 A lemalo (»r inkTiial s<'n«w usotl for cutting outside sert'w 
tllimas. It IS made (»f hanlemsl stcid, ntid fluk'd, to pres«Mit two, 
thn^o, or four w'purak’ cutting islgt^ ’'Flic larger dn-s or those alsue 
J in. in diMiuet« r, are iiuule m halves and m t m a die skx'k. llie 
smaller dies an* cut m a screw plate Also temnsl sen w dh's, t»r 
serewiug duNS. (2) ^Hio movahh' husk embraetsl by a slot link (ij v ). 
(8) An iron or sksd mould iimd hy Hiiuths for the forging of eves, 
l>oHSi»s, 1ie-r»Hl ends, tiuHs-rml ends, Ac The die or matrix may bo 
in one onlv, or it may compnso an upjxT and a lower portion, 

niiiiKHl or rln i'UimI k»gcther. Tlio work is gi nerally moulded m the 
ulos under a skvim or tlrop hammer. 

Dia Boa.— Tlio box of a screwing machine by which tho dies are 
<Hiihracod 

Dio Chuck. A lathe chuck funushi'd with stiH'l jaws or dies sliding in 
grooves, nutl pinclnsl or slackernsl w ith screws. Tho pinching jaws 
are VcihI or Wvelhsl, and one or all tho jaws may U* movusl in some 
dmeks at pUsuiure, sti tlmt work can Ix) chucked cither centrally or 
(KHiouiiically. Die chucks arc also aclf-oentnug, and usually oontain 
two or threa dies. 

Dia Parglag.—Tlie practic*' of forging rep<'tition work in diea. Sixi App. 
Dli Staol k, or Soraw Stock -Tlio frame whuh encloses the dies uiwd for 
•crenr cutting It U funiishtd wiUi lever handles for turning it in tbo 
oiroular direction, and with a set -screw for n^gulating the distance 
between the holros of the dk«. Die stocks ore made la igoriona and 
w<^*lctiowii forms. 

IHifcffWiat Banff.— dk eylindrioal gmage (q.v*) la a o met im ee fimiabed 
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with two plug gauges to one collar one of the plnge being 

dightlj larger in dimeter than the other , the difference between ^e 
two beii^ ^net that .which is snfBcient to permit of easy movement, or 

• of tight mting of a mandrel in a cylinder. 

IHfferential Motion. — The motion of one part to or from another, the 
two parte forming a mechanical combination It is a motion whereby 
mechanical gain is obtained. Tlic Chinese wiikUsss, where two axles 
of uno(|iial size move togotlicr, eniUxlies the diffc rt'ntial principle. 

Difforenual Pulley Block,— A pullev block wbu b owes its t'fficienoy to 
the slight diffcrenoe in the sizes of two hliea\(‘8 fixed bigetlier on one 
axis. An endb^ss oham embraces the two sbeiives and a movable jmlley 
below. Hie mechanical gain is jiroportional to the diffi'rtmo© m the 
diameters of the two shoavos A most valuable ]iroperty of this pulley 
block is that, owing to the excessive amount of friction sot up, tlie load 
cannot run down, but remams stationary in any position in which it 
hapjiens to l>e left Huspend(*d. 

Differential Screw. — Tw'o m rew's of unequal pitch cut on the same spindle. 
On turning tlic spiiuUe a nut on one of tlio si rcw's moves by an amount 
raiial to the ditten'tice in the pitches 

Differential Straini.— Tlie strains due to a vnnablo load 

Digger.— A fi'rm scunctimes applu'il to a grab (q v ) used for excavations. 

Digging Shovel. — A round -iii(»uth<*d or pomtm-end shovel used in foun- 
dnos for digging the sand in tlie flmir Hie square-ended and orutoh- 
liandUd shfO( 1 m are used for Im)X filling and sand wetting 

Dimeneion.- A definite meaMurement shown on a mt‘cbunuul drawing, as 
length, width, thu knewi Dimensions are gnen on all working draw- 
ings, whether drawn to m ale or not, but dimensions are not inserted in 
sh/t<lc<l and general dniwings 

Dimension Lines — Htew' lines up>n an engineer's draw mg which indi- 
cate to what jMirts or liiu » thr' diimaisioiis figured have reference Hioy 
ari' never drawn in bla< k, but usually in blue, sometimes in n^d mk. 

Dimension Saws — Applied to a eouplo of (uvular sawn mounted radially 
fnun a eonimou «{)iudKv one for cross cutting, the other for ripping. 
The saws are Tnfivtxi upw^ards or downwanls as required with a worm 
and wrnnn-wh<’<*l 

Di m ini shing Socket — A wmuight-iron 8»>ek(*t inserted iM'twetjri, and con- 

tuxt.ng tw’o pijH«s of difh»reiit 

Dinas Brick, — A rcfni(tt»rv brick made fri»in a highly silief<ous clay found 
in the Vale of Neath, and uml for tlie r«>ofs of reverUiratory furnaces. 

Dip.— Hic ansiimt by wbub the upisT edge of a paddle-wheel Idado is 
immersed Isnmth the surfute of the w ater wla-n tlie blade is In the 
vertical pf-ation 

Dip Ommk Shaft — A crank shaft In whi< h the crank is formed by the 
^ple Umdirig of the Ur, inut^ad of Is mg slotted out of the solid. It 
isrtronger tlian Uu^ slott4d fonn Um ause of the continuity of the fibres. 

Direet Aeting — An engine is said to U direct acting when the action of 
the piston IS tnuisnntud directly to tlio (Tank shaft. Nearly all engines 
are tlierofore direct acting 

Direet-a eting fflidt Valve. — A slid© valve whose of travel is the 

same in amount ss that of the tlirow of the eceen^p^as opposed to 
iiidiiwct->ac!tiDg slide valve (q.v.) 

D trssU o s# PovM. — ^Tb© line along which a force acts, whether it be 
pmdnottve el actual metioii cr (ff nressattsi or onhr, PoenM 

m SMimBd to net in ■coiiglii ham only. 
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BifMt IhrOdMt. — (1) The method of producing mallealde iron direct from 
the ores without preliminary fimefting into pig^. (2) The prooeae of 
making etocl in the Becuiemer oonvorter by bnnging the iron dhreot 
from the emolting furnace 
UmC Area.— See Screw Area 

Biac Crank, or Crank Bite, or Crank Plate. —A crank of circular outline 
in which th(3 metal i« ho tliK}x>HtHl that tl»e \aryiiig motion of tlie con- 
neotuig-rod ih wuitahly halanc<*<l The crank nhaft la keyed uito a hose 
in the ci'iitrc of the aisr-, and tlie crank jnn in nvotcHi into a hole near 
the periphery. 'Tin’ half of the diMc upon the Hide oppcjwte to the crank 

S in i* UiickciuHl lip bj act an a counterbalance* to the rod Its actum 
I more rc^gular thcnjfore than that of a common crank. 

Biitthnrge.- 'Tlic lujuid i*jc<*to(l from a pump or from the vanoH of a 
turbine (o v ) Hoe Vena (Jontmebi, Oylmilrujal Mouthpiofje, Nozzle 
Bitehnrge valve.— (1) A delivery valve (q v ) (2) A w'lf- acting valve 
attached to the Hide of a Htoamer, through which the \»atcr ih diHcharged 
from the eireiilnting pump, honee called ride dineharge valve 
XHteharglng Tube - An adjutage (<i v ) 

IHMonnecting Engine.— A doubh* engine, UHually of the compound type, 
in which the cyhnderK can eith(‘r Iw uwhI m oombmatiou, or each 
ieparately from thc’ ntlu'r. 

BUo ValV6. —A modifu Htion of tlie flap valve (q v.) used cxtcn»ively in 
large piimpH, and of which the air pump of a eonuimHing engim* fumiahe* 
a familiar type It eoimiHtH of an indin-rnhher dim* hinged at the 
cmitre, re»tiiig on a jH'rforaUnl gnd, through vvhuh Uie wat<*r obtain* 
ingreoH, and liftn the valve Tin* diw* m prt'V»*ntod from lifting too high 
by a HUfH’nnqioHed peiforuUKl guard-plab* diHhed or hollow td in tlie 
upward direction 

BIm Whwl.- A whcM'l having itw central portion wolid or plated inatead 
of being provuhd with arniH The dine may lx* flat aw in ehange 
wbeolw, and the light-«*r(il»iHHeH of bxitluxl wduvU geiiemlly, or it maj bo 
diihod an in the wh4*elN of trucka and trolhea 'The latt<'r form is 
strong, iHKiause it w ill aoeiamnodute itaelf to tlie expaniuou and con- 
traction due to changes in tem|)eraturo, or to internal and to external 
stresses. 

Bitangaa^ng Clntoh.— A cliib'h whose function is the throwing of a line 
of snalUng, or a train of wdieehi, into and out of gear. 

Bitangaging Coupling.- A cluti'h (q V.) 

Bisangagiug Ooar. — The mechanism umd for throwing clutches into and 
out of gear It is usually either a lever or a hand wheel and screw. 

BlMUgagiag Nut. — ^The ohuip nut of a lathe, bemg disengagod when 
not required for use or for row outting 
Biriiittg. — The Hollowing and rounding of the surfai^o of a disc, to render 
it more elastic or stronger 

BUq^uetmtui — The quantity of liquid discharf^ from a plunger pump 
at oaoH doublexfitroke is equal to the amount oisplaoed by the plunger. 
BitplUMUiant — An auxiliary cylinder ^longing to some gas 

engines, by is n|ii|ie constituents of the oharge are forced into the 
wwking or pofKpBlinder 

Blnlueemnt Xuuleator.— A lubricator whioH acts by the differeooe in 
tim iqi. gr. of oil and of water. An impermeaior (q.v.) is^one forai ol 
disphioeiiMait lubricator. 

Biepmeer Pieteu.— An auxiliary piston iu some enginee whoee 
junetfam is flte expelling of the r e ridual gases or products ol o omb n a ti nu 
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hom the cylinder. In oth^ caees a flushing charge (q.T.) is used for 
tfiemroe objec't. 

fistaBM PisM . — Asyj casting whose chief or only function is to maintain 
engine or machine parts at a fixed distance asimder. 

Biitnm. — A beam or structure is m distress when it is subjected to undue 
or excessive stress, or to an amount exceeding tlio working stress* 
Bistributed Load. —When a load is sprc'iui evenly over the whole extent 
of surface of a Is^am or stnn turt' it is tennixl a distrihutwl hwid. A 
ginler will Bustaiu a distributed hsul of twice tlie t-otal weight which it 
would sustain if concentmUd ConcontniUd Ijoad. 

BiTorging Kouthpieoe — A monthpw'CH' for the discharge of liouid, whooe 
longitudinal siH'tum is that of the frustnim of a cone, the smalW 
diameter btung place<l next its tank. .S'o Cyliiidnoal Monthpieoe* 
Biirided Axial Pitch. —In multiple tlircndcnl scrt'ws the axial lutidi (q v.) 
is divided into as many pulious as there are threads, and tlio distanco 
lietweim any of these divisums is mlliHl the dividtd axial pitch, Uiat is, 
where the centre of eiuh suocessne helix cuts thc^ axial line 
BiTidod Bearing.— Anv Ix^anng whuh is not solid, and which contains, 
thcTcfon*, pnivision for adjustment for wc'ar Hearings an* commonly 
divided into two isirtaons, hut in some spoeial east's into three. 

Divided Normal Pitch. —Tlie distances lH*twc*cu the (*cntres of the sue* 


Ofssne h<*hcc‘S of inany-threadc'd screws, ineasund |x?rjH*ndicttlarly to 
the thn*ods. It is, therefore, less than the dnidcd axial pitch (q v.). 
Diridod Steam Chest— A steam t'hest dividtd, (*ith(*r through the eentro 
of the stuflliig-lH>x panillcl w'lth tin* ( >linder l>orc, or ohlupiely, that is, 
at an angle mth the Isirr The object of di\i<hng is for convenience 
of rcnKoiiig the <*<>\cr for exuintnatmii and repairs, wiiliout tlie ncees- 
sity of reinoiing tie valvt* and \ulvensl- Um' nsl in the flrst ease 
passing Uimugh th*- joint of thedmdml ls)x , in the wH^ond, thnmgh 
the Uix, ahu’h is Mist wholly witli tlic ejhndcr 
DiTiders - A f< inn <»f (^impiiHi* iisfd foi taking off nr s**tting out minute 
and ♦ xa4*t dimensions. Is ing snibsl for mon- dclii at* adjustmeut than 
common e«m]Missef». HK*m* an* of \arioiis kinds, and cmploytsl lx»th in 
the dniwing-ivftifsi* and in the worksltops H<*c Hpnrig Dividers. 
Divldiag Bagino A machine, lonstruetsl in various forms, for the 
exait marking off of digcw-s. |)oints of fspial division, w*h(*ol ^th, Ac, 
Divimoa Peg A |s*g of hanlemsi sUs 1, attaelnd to an elastic rod ekllod 


the index spring, and umsl m emijunclion with a divuiion plate (q.v.h 
The peg fits into any of the hoU-a drilhsl in the plaU% and HoldaH m 
•tcaoily while op«*ratlons of dniluig or shaping arc tieing pt?rf(gmed, 

Diviiion Plato.- ( 1) A i>hit4* of hraas fasU'iusl tr> the front of tho driving 
pplU^ of a Utlie hii^lstock It iH nicnad with numerous (xmeentrk 
mrrkw of hok« . Ihosi' in the best an<! most ctomphdn laUum numbering 
*160, 19^2, H4, 120, 112, 96, 0>, 12 By means of thcae almmit any 
tiiimber of divisions tliai arc required tan bo olxtainerl. A division 
peg (q r ) seta the pulley in any prsation, while the work in the lathe 
IS beti^ operated uprm by dnlls or eutb^rs set in the ruttr*r frame and 
driven from ovcrheiul par. { 1 ) Tlie plate of a wheel-moulding, or of 
a wheel-catting maihine, through whieh the Imndle shaft pauses, and 
which is notched ftw setting the handle at quarter, half, three-quarter, 
or full timM. Hee also Ihiah Plato 

Itviiiaa Plata WhaaL— Tlie change wheel on the handle slmft of a whaeU 
aamddingor cl a wheel-cuUiiig machine. 

IWef tim ^wt or oiipa of a jawohoeh (q.v*)* (2} Hia miAm 
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(q.T.) of alatho, (3) The catch which prerente the winch shaft of a 
crane from sUding along when the gears are changed. Called cdso 
Catch Paul. (4) A «pihc (q v.). 

Dog Chuck — See Jaw (^uck. « 

Dogtall TroweL— A small hfart-whape-d mouldcrn’ trowel, provided with 
a curved metal handle, the handle being imagined to reaemble a 
dog^B tail 

Dog wheel, —Reo IlaU liet Wheel. 

Dog Wrench. A form of apanritr whose handle is tunnd anmnd hiiiu* 
larly to a wirub haiidb* 

Dolly.- A tool used by lioiler-makers forbfdding undf r tbt b' ads of rivets 
during the n( t of nviting Iteonsihtsof around non bar, funiidud 
with a head, Hat or < iip-hbaptd, the si/e, sbape, and angb' of iia lina- 
tion of tbo bar varying with the siz<* and Hlhiju' of tb* rivi ts, and tbeir 
position rebitn< ly to tbo work It is used for tbe same purpose as Uio 
holding- up bamuier (q v ) 

Dolomite.- AlagiuHian Innesbuie (q v ) 

Dome. — See I^U'uni Dome 

Dome Cover , — Tbe brass eovenng wbieb < n< .iwm tbe steam dome of a loco- 
motive. 

Donkey. — A donkey-( iigm< (rj v ) 

Donkey Boiler - A small bulor, usually of the vertual t}x>e, used for 
<lnving small engim s 

Donkoy-Engme — An auxdiar}' enguo' usnl on ls»ard slap fur i)umping, 
or other light work, imb jiendentlv of tin mam engirns 

Donkey - Pump • -'i'be imbpeiubnt ^m 1 pumj> of a strain ls)der dnvtn 
diiwtly by a small < ngim*, t)i< whole being attadud bt a single base- 
jdato wbu’b islM»lted to tbe bodi i 

Double-Acting Engine An aigmeinwbnb thesis am a< ts ujHvn Indh 
sides of the justoii allei nut< l> , t itln i against atmos])lit ra pivssun*, or 
against a vacuum jinxluMMl bv i <tndt nsatiou All < ugim^s are now 
made double-a» tmg, just as forirurU all were made single-ac ting 

Double-Acting Piston - \ juston a<t«'d iqKm by gast'ous oi fluid pressuiu 
on botli Sides altrniat<lv 7*ht‘ pistiui*. o/ engine cylmders and of 
double-neting pumps ate of this ty|)e, 

Double-Acting Steam Hammer — A sU'um bummer w bu b admits steam 
alsive tbe pist^ui as well as bt'low' 

Double - Action - Double a< tion ism pi ueijdo that of an altemaU* re- 
ciprocal piessuie or luovenuiit A senes of actions c^^iual and alter- 
nate in oppisite din H't ions 

Double- Action Pump, — Onewbnb Uirows water at eaib stroke, as die- 
tuiguvsliisl from n lift pump 

Xlouble'Armed PnlDy. A pulley wbub b.as twi> w ts of arms Pulleys 
over ten «)r tw» !>« uielu's m wulth buve toiuuionlv a tbuiole st't of anus 
Tlioy art' wt juinillel with each i>tb»'r at a little distance witbmUie 
outer tslgi s of tbe nin which tbev sup|HUt, and tbe lx>ss may either bo 
continuous Udwivu tbe arms, or a tVar spa(t‘may exist betwixii the 
iKiesctB of (uudi Si t 

X>OUble-beat Valve. A niig-sh imd lift valve having two si^ating faei'a, 
hy which the steam is admitted on IkuIi sides at once, heuce called an 
(H]uilihrium valve. Incur oidinar^ slidt sb*am valve Uie steam pressure 
is unot[Uul. btxmuae the area on the steam chest side is greeter than the 
area otien to the port side, and this {utwaure has to be ov^oome before 
iha vam oan be moved. The double beat bedng in equiUbrioxn is more 
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earalj moved It U also termeti a Ct>rnish valve, iHxmnao used oxten- 
w^ly in the larjre pumpintr ciurine** of that district 

Dottbl® Belting.— IVH 111 ^ f<»riiu\l of two tliieknessi s of leather. It varies 
•from J to ^ an ineli in thiekne.ss, and is employt'tl for h(M\ y driving, aa 
for mam dnving pulleys, ami the nion* i)o\vertul i lass of machines It 
is made hy ci'mentiug two the kuesses of leithci t*>gether, and thou 
stwinjr or Tivetiiiir 

Double Bogie Engine. St (« Btiiri*' Kngiut' 

Doable Butt Strips -'rw(MM>\, iin**- stnj»s emplo>ed in m.ikmg a butt 
ri\( ^*<1 joint, one sti ij> bt ]>lat < d t»n t'.n li sale of tlie abutting plates. 
TheM' are mueli stioiig< i tli ni tht' joints with single butt strips ((| v ), 

Doable Cards. Indu itnr*Mt<ls t ikon troni both emlsof an engine oy Under. 

Doable Contraction, or Double Shrinkage Wln re a wimmI patteni is made 
for the casting of a im t il pattern, tiom wbn h tho actual mould ih to 
b<* taken, two amounts ot < ontia< tioii are allowed on the wmid pattern 
Thus if the (oriti.u tion of tin* casting is J in per foot, | in per foot is 
nllowcsJin the hist or wood patt^‘ni 

Doable Cut — This refers to tin* e^oH^mg c^f the lim^sof teeth of tiles at an 
angle, as distmguislusl tiom the single* or Ibuit-eut files. 

Double-catting Drill -A di ill whn h is ground to out w ith eipial facility in 
a right or left-hand diicc tioii The c utting edge lies thendoro in the 
longitudinal axis and the aiigh‘S are Hjmmetneal on both sides. Those 
drills form hut a small c lass 

Double-cylinder Engine.— A steam engine* having tw'o eylindors Its 
action 18 steadier than that of a single -ac ting eugiiu* owing to the 
relative* arrangemcuit of the pit tons and (Tanks One juston ih at half, 
wdiile the* oth(*r is at full stroke*, and the* c ranks being therefore at 
right iiigh's with e.K h other, the d(‘.id points aic pasHtal with little of 
the jerky motion which accompanies tin* revolution of a Hinglo-cylmder 
eiigiiii’ 

Double Dnver Chuck.— A driver chiiek wine h has two Ht<‘m8 or pins for 
driving, HO tin 1 tin jmssure of one* is c*ountei balaneod by that of tho 
othei It is us(sl for work resminrig spes lal ae i uniey. 

Double Disc Valve,- A tajHr(.sl plug valve having two faces fitting 
against tw'o opjsisite seatings 

Double Elephant.— A drawing paper of good epiality measuring 40 in by 
27 III. It may be luid rough eir Hmootli, and eitlit*r unmounted, or 
movmUHl on brown hoUand 

Doable<^nded Boiler. — A marine iKuler having funmeos and flue doors 
at eac h end, and firtsl therefore fiemi (‘aeh e nd 

Double-ended Bolt. — A Ixdt having no solid head, being serewe'd at each 
end alike for the re<*e*ptie)n of nuts 

Double-ended Machine — Apj>lie<l to those punching and shoaring 
inachiues in which two seds of operations (un lx eairud on atone time. 

Double-faced Hammer A hamm< r is double facc'd when both sides of 
the bead art' alike flattesl, so that the*re is no pane 

Doable Fagoted " Iron wdneh has been subjes'bsl twice eveT to tlie 

E rocess of fagoting {e|.v ) for the piirimso of increasing its density, 
i>mogeneity, and te nsile strength 

Double-nehed Joint. — A fislied jeunt havdng two fish plates, or tJovering 
stripe laid against opposite faces, as distinguishcHl frcjm a single- 
fished joint j^.v.). 

Dunble-flued Bdler. — Se#» Lancashire Boiler. 

Bnuble Quar. — ^The employment of two pinions and two wheels in oom 

1 
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bination for the purpoee of gaining mechanioal efficiency, an in the 
gear of crane*. Back gear ^.v.) i« oftm termed double gear, 
Boe Bouble Geared. 

Bonble Beared.— A lathe or drilling machine ia said to be double geared* 
when it is provided with the ordinary back gear ; that is having a 
single back gear spindle and set of wheels only, as opposed to an un- 
geared or plam hand-turning lathe on the one hand, and to a treble- 
geared lathe on the other. Bouble geared does not mean that double 
power is gained thereby, since the power gained is usually about nme 
to one, but refers only to the employment of the second spindle and 
whe^. The term double geared is ais^3 applied to dnlLm^ mach'-ncs 
having hack gear not of the ordinary fonn, but wheels which can be 
slid up and down on a vertical spmdlo mto, or out of gear with the 
wheels on the mam sfnndlc 

Doable-handed Tool.- A tool furnished with two handles, os ordinary 
die stocks anil ci*ohs cut saws. 

Doable-headed Bail — A rail for pc^rmanent way, the shapes of whose 
top and liottoin stjctions are alike, so that wht*n one face liecomes worn 
Uio rail is tununl ov(>r in the i luiir and the opposiU* edge utihsed 
Doable -helical Gear S('<< llolicul Goar 

Double-ported Slide Valve —An exhaust relief, or cHiuilibrium valve 
It is m'signod for nearly equal steam pressure on lK)th sides and to give 
a greab^r area of o[)emiig to exhaust than to supply, and this is 
efffKitod by allowing steam to enb^r the cylinder through passages m 
tile piorood lasly of the valve as well os at the ends, and to exhaust 
into tlio hollow, or p, of tlie valve which contains the ports Uirough 
wliich tlio steam gains entry Ilavmg sepamte ports for supplv and 
exhaust, it is obvious tliat by giving to the latter an increase of ait*a 
over that of Uk^ fonner, and by adjuslmg the travel, the escaping steam 
will bo allowi'd gK'uUT frwloiii of exit. Having double openings 
for steam, the cylinder is lUH^eHsanly double inirted, that is, there 
are two ports on each side of the exhaust instead of oue, and the travel 
of the valve is only half Uiat which it would bo with single ports. 
Doable Paddling Fumaoe —See Puddling Furnace 
Doable Purohase ~A b'nu used to dosiguabt the me<.hanical efficiency 
obtainiHl by the employment of double gear (q.v ). It is equal to the 
product of the radii of the whtvls divid^ by Uiat of the pmioaa* 

Double Boadinfp Soalo. — A draughtsman’s so^e on which thoro m two 
pmnary divisions, one at each end, subdivided, 

Doublo lUveUng. — Where there are two lines of nvets in a lap joint, or 
four in a butt joint, tlie term double nvelmg is employed, as distin- 
guishiHi from a single line in the former and two lines in the latter. 
Danbloi. — Shix^t iron plates prepared for tmning Their thickness 
ranges between No 20, B W.G. (‘035 in.) to No 2.), B W.G ( 020 m ). 
The tenn is also appln^ to the plates already tinned, to which an extra 
thiek ooating has tieon given, and which, besides, have hammered 
bstwoon a polished hammer and a polished anvil to n^nder the union 
the metals more mtiniatc Also termed Block Plates 
Dooto Shaper.— A shaping machine having two rams and two tool 1 oxes, 
for a double set of oiierations. Sometimes one head is made for straight 
outtiim only, the otner for oiroular cutting. 

Douhli wear. — A rivet which unites a joint made with doubte fish-plates 
wOl have two sectiouB subject to Clearing strain ; henoe the tanm 
Kngle Shear. 
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ZtouUft Slieftr Steel. —Shear steel (q.v.), in which the process of weldings is 
repeated by reheating the bars, doubling tliein up, and welding tliom 
together onoo more. 

Bouble Shrinkage. — See Double Contraction. 

Doable Stroke. — Two piston strokes, or one forwartl and one backward. 
A term used in ealoulations relating to the power of steam engines. 

Double-threaded Screw. — A screw oompiising two distinct helioes, 
wmding parallel witli each otlier around the body. Employed to give 
an increase in tho rate of tnivel. 

Double Valve Box — A valve, or clack box, provideil with two valvoa 
only. Having no intermediate valve (see Treble Clack Box) tho stream 
dehverod is intermittent 

Double-webbed Girder.— A box girder (q.v ), having two webs or plates 
connecting tho top and bottom flanges 

Double-welt Joint —A double-tidied joint (q v.). 

Dovetail.— An interlocking joint iischI for wood-work, so called from tho 
fancied rewmhlanco which the pin ln'iirs to tho tail of a dove 

Dovetailing Machines. — Those used in tho cutting of dovetails. They 
are of two tyjws, ac(’onling as tho cuts are made by spindles or by 
«iw8 In the former a revolving bit cuts away tlie wood, in the latter 
it is rvunovid by a oinudar saw set at an angle while tho work is being 
passed before it through a nioasurcd distance. 

Doweli. — Puis eitlu'r of wood or metal used by jintfom-makors to retain 
portions of pattcnis temporarily in position during tho process of 
moulding, wiiieh ]>ortioiiK, if firmly nailed or si k whs.!, would prevent 
go(xl delivery from the aiiid Dowels are now mostly made of metal, 
either malleable iron or bmss, tho better sort Is'iiig cast attiudiod to flat 
plates, whu h arc nx'esMcd into tho pattern joints flusli with tlioir sur- 
idces, and then.* sere wed 

Duwa. — Sec Uunning Dowm. 

DovMomcr, or Down-take — Tho vertical pipe which conducts the 
WMte g}»s*‘H from tho hip of a eloso-moutheil blast furnace into the 

bhuit mam 

Dcira-takc — (1) The shr>rt paswige loailmg from tlie hack end of the fire 
flue of a Cornish lioilor to the brickwork or smoko flues which pass to 
tho front of tho Isnler. A dowii-oomur (q v ). 

Downward-flow Turbine Turbine. 

Draft —A draw ing. Drawing is ofti*n termed drafting. 

Drag -The Isdhnn part or soction of a founder’s moulding box. 

Drag Bar. — The nxl by which a locomotive and its tender, or railway 
wagons, ore coupled together. 

Drag Bolt. — Tho bolt which couples up drag bars. 

Drag Hook — 'Fhe hook attached to back and front of locomotives and 
railway wagons for coupling up 

Drag L ink . — (1) A link emplc^ed for connecting or disconnwiting tho 
cranks of coupled enfl^es. (2) Tho rods by which tho slot UriJcs of 
valve gears are moved over for forward or backward gear are called 
drag hnks. 

Drag PlaU. — ^The casting which forms tho footplate or platform of a 
locomotive. It is boltM between the frames, and carries tho drag bar 
and other attachments. It is made heavy to ecjualise the weight on 
the wh66ls,^vsraging about three tons. 

Dra g Bay s. — ^A rope used for the purpose of pulling logs of timber up to 
a sinniiar saw. It is coiled around a drum whhih is driven ihreugli 
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intenmedlAte jtroarin^ from a piilley on tho saw spindle, by which roeani 
the speed of the nipe is reduced with a corresponding increase of po<^. 

Drag spring.— A spring attached to a drag bar (q.v.) to lessen the shock 
01 ooncusHion * 

Drftg Surface. —Tlic forward fatjc of a screw propeller, or that from which 
tho water glides off. 

Drain Cock. -A pet cmjk (q v ). 

Drain Pipe. — A small ermper or brass pipe loading from tho pet cock ol 
an engino<’jbnd(T Inc drum pipes are led away to any convenient 
spot for diHchn»’giTig tho water of condonsation On boam ship they 
are hxl into the bilge or the hot well 

Dranght. -fl) The tapering <>r gradual tbinning down of the vertieal 
sides of foundry patlerns, to pennit of th<>ir delivery from tho sand 
(2) TlTio quantity of air whuh passes through a fiirna< o in a given 
time is termed its drauglit Natural draught is that produexjd by the 
exhaustion of air from the fiininec and the creation of a partial vacuum 
therein. Tliis is attamcHl by tho rapid ascent of tho highly heated 
gases. Forced dniught is that produced hy tho iiiu*etion of a jet of 
steam into the rjhimney, which hastens the eseapo of tho gaseous pro- 
ducts of cornhnstion. In drauglit hy eoinjiressed air tho pressure is 
produced by various foniis of fans and blowers 

Draught Bar. — A diag bai (<i v ) 

Draughtsman.— 'I'he ongmeei iijsm whom tho task of designing machin- 
ery, and of making Isith gom*ral and w*orking draw'ings, devolves A 
draughtsman, to 1 m' practical, must ha\e an intimate' knowledge of tho 
conditions of w'ork in the si'veial depaitmc'iitsof tlu' fuebiry, and should 
1)0 able to combine with this the Is^st tluHincs and fair mathematical 
mxiuireineiits A di'Migm'r, and a copyist or tracer, though l>oth alik(» 
cnllod draughtsiiK'H, stand on \erj different f(K)tiiigs, tlie first laiiig 
a true ('iigauM r, tlu' siwiml Is'iiig rabni Isdow an ordinary mechanic 

Drawback. ~ A jdatc or a skeleton framew'ork of cast and wrought iron, 
Used for carr\ing some jiortion of a founder’s mould, which has to be 
toinjKirunly niiKived, citlnr ba the proper withdrawal of tho pattcam 
or for the convenience of the cU'uning up of Uie mould faces The plate 
with its ooiitauitHl sand is liflcHl or drawn liack, and aftorw^ards replaced 
in its original position, in readiness for casting. 

Draw Bar. — Sc'c Drag Bur 

Draw Beuoh.— Tho licnch used hy wire drawc'rs. 

Draw Cock — A ped cock (ij v ) 

Draw Filing ~11ie polishing of a metallic surface by drawing a smooth 
flic along it ; the nlc moMiig to and fni in a dire<*tion transvorw'ly to 
ita owm longitudinal axis, sfi that the cutting action of tho teeth st'orcely 
oome« into play. Also chIUhI jiokcr filipg 

Draw Hook. — The oontral lunik of a raiiwny wagon attached to the draw 
Imr, and flankt'd by side luniks 

Drawing. — (1) 'Hie dchneation of machinery and mnehme parts in 
plans, elevations, and sections to proinirtional scab's In these there 
can bo no perspective, hence tliey are conventional drawings only, and 
do not ropreoent truly oorreot views to a sjnx'tator standing in any fixed 
position. But for oonvenienco of measurt'ment, such scaled drawings 
are the only ones which are of use m the workshops, (See Phototype, 
Hand Sketch, Tracing.) (2) Tlie manufacture m wiro, j^iping, and 
tubing, by pulling or drs wi^ tho material of which they are oampoeod 
thxou^ porforatM platea. 
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INwwiiig Board. — (1) A board used in tbe drawing office for pinning 
down or stretching drawing paper upon. The cheaper hoards are 
clam{>ed at the two ends only ; the bett(i ones are panoliod, or enclosed 
• in an entire fnvmo. Good l)oards should bo tongiiod in addition^ and 
those of tlie largest size should ha\ e adiustablo joints h) permit of the 
expansion and contraction of the wood Pine and mahogany are the 
iiiatcriHls used for draw mg Inmnis Their dimensions are given simi* 
larly to those of the lanous draiving papers, but a little extension in 
size IS in<ide (2) The workshop IxMids, on wdueh .portions of 
nicvb.iiusin are dniwn to full size, are mostly of large dimensions, 
several feet wpiaro, and the pencil drawings are mad(‘ dirix tly upon 
tbe iMiards ihelnse]^e8, wbo^e surfaces are whikmed with clialk to show 
up the lines 

Drawing Down. —The reducing or thinning down of forgid work under 
the hammer, hainmeis, fiill(*rs, and flaltiTs, l>eing employed for the 
puqM)SL‘ When tlrawing down, the dinu'nsions of th«‘ cross section 
imn U' dimimshcsl all around alike, or be dimmislietl in one direction 
and incrcu*«sl in tlie other. 

Drawing Fires.— Tlie raking out of the furnace firi's of an engine bfiiler. 
Drawing In — A cutting tool is said to draw in wlnm it cuts deeper than 
It slnmld do Tins is due U) inalhuTiiatiou of the same kind ns that which 
produt cs I hilth iat4b SecHitih 
Drawing of Castings. — The si'ttmg up of intenial molecular stresses in 
castings, due to bad proportioning, or to uncijual CA)oling, or to both in 
comhination, the tension being variable in adjacent sections. See 
t'fxthng. Feeding, &c 

Drawing Office — The office or department of an onginoer’s factory in 
whicli th(‘ w'ork of the draughtsman is earned on It is furmshod 
with sloping desks, skwds, boards, p«pcT, , and with nests of 
dniwcrs for the storage of the drawings 
Drawing of Patterns.- 'rhe lifting (q v ) of foundry patterns from tho 
sand S(‘e al'M* H i}ij»iiig, T)t'hver>% &c 
Drawing of Temper - Tlie he.itiug of a steel article to rcHiiiess, and 
allowing It to cool slowly in uir. This is the roersc of hardening or 
lcinj>eruig 

Drawing of Tubes ~Sco TuIk* Drawing 

Drawing Paper - This comprises s<*verul varieties, their qualities inerts* 
mg III the follow ing order Cartridge. Imperial, Double PUephant, Anti* 
qminan, and EmjHror, and their diimnisions as follow's . Demy, Medium, 
Koval, Super-royal, P^hjibant, linjierial, Coluinbier, Atlas, Double 
El( pliant. Anti pniruin S< e si/(‘s nndt r thoM' headings. Paper is 
cither hot prcss<*d, oi not jirc-sisi at all, or c 1m<‘ is rough , the latter 
Is'iiig for gcmnil or ordinary drawing, the hrst for jkjiiciI drawing, 
and the medium (juality for common work 
Drawing Pen — A |mti foniic<l of tw'o blades of sU'cl, approaching at the 
I»oints, and adjustable with a imUed-headed wrew, tho ink lK;ing 
fill losed betwetm tho blades Used for marking ink lines of uniform 
width upon drawrings. Two su h pens mounkxl side by side for draw- 
ing distiuet but mmllcl lines form what is called a rorul pen 
Drawing Pins. — Short, broad-headed pins, used for holding down both 
drawing and tracing paper upon drawing boards. 

Draw Knife or Drawi^ Knife —A wood-cutting tool, having a long 
and narrow blade, attached at the ends to two Itaiullcs, which stand at 
fight angles thmwith. The handles are of wood, and the tangs, into 
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wliioli ilie en^ of tlio blade are prolonged, are passed right through 
those, and rivetod over brass plates at their ends. The tool bMg 
drawn by the handles towards the workman cannot come loose, — the 
handles being held firmly by the rivets. The tool is used fon cuttmgk 
thick and heavy chi|)8 off the rough edges of boards m order to lessen 
the labour of the plane. 

Drawn On or Fulled On. — This refers to the method commonly practised of 
attacliing wheels, jmlloys, &c , to their axles or shafts when their mass 
of metal is such that the blows of a hammer would have no useful effect 
Long bolts, <who8(^ heads are held in a massive cross attached to one end 
of the axle, pass on the outside of or else through the wheels lietween 
the arms, and the* tightening of theor nuts against a bar or washer plate 
stretchiHl across the wlieel face slowly but effectively pulls the latter 
along the shaft into its required position. By the same moans wheels 
are drawn ofi tin ir shafts Hydr.iulic pienscs arc .ilso used 

Draw Plate. — A jilate of burdenod sb el, or of ruby, uslhI hi w ire and tube 
draw lug 

Dredger.— A inadmic usod for rcnio\ing mud and sand from the lad of 
a stream or hatluiur, cither by means of scraps or by suction. See 
Grab, Ladder, Mud Bucket. 

Dreaeer. — A smith’s tool with a round top fiuic and flat suit's, over wlucb 
the forkcnl ends of coTinoctiug and other rods are finished to sliape It 
fits by a wjuaro shank int<3 a hole in the anvil. 

Drestiug. Set* Belt Dressing 

Dressing off — Fettling ((] v ) 

Drift.-~n) A 8t(H*l bx)!, (ommonly of rtx’tangular but often also of some 
Mpt'cial SiKitiou, list'd for tlu' purpose of enlarging and of finishing 
imrallol or tapered holes Diifts are either smooth, or serrated on their 
fianks, acting by cornprt'Hsion in the first case, and by slieaimg and 
alirasion in the second. (2) A rtH*taugular strip of steel slightly curved 
ill its length, used for dming keis out of tin ii beds (3) A cylin- 
drical tajicrixl puneli ustnl ft)r puUing nvet holes wlioso iKiundaries 
overlap into coiiicidonet' with each other Exiessive drifting is to be 
coiidemiusl Iwauso of the stiuin which it puts upon the plates. 

Drifting.— (D The slmiang and tnlaigiug of boles by the use of a drift. 
(^2) Tlie pulling of oieilapjuiig met holes into line with each other. 

Drill. — A tool for Ian mg ladt s in mobil or in wood, and revolved either 
by some fonn of linnd bni< (' or bv a special machine Drills may bo 
fiat towards the point and simply iH'ielltxl, or else of tJio twist type, 
'riie fiat dulls may luive eitlu'i single or double cutting edges 

Drill Bow. — ’llic Ik)w of a bow drill (<i \ ) 

Drill Box. — The r(Hd of a Ixiw (hill (<| \ ) 

Drill Chnok.— A lathe cliuck inado for the special function of holding 
dnlls The hole for the drill is Muuetiint^^ wpiaK bq>cr(*d only, but 
the l>ettor duicks huie circular holes, while the Ix'st are also self- 
eenlnng 

Drilled Holes - Holes uu' drilltHl in all tlie best work iii preference to 
Isang (list Holes art' always drilUxl for bright Isilts notwiUistanding 
tluit in (^t iron tlie holes iiuiy liave Wu first small. The best 

boiler pUteo ore drilled in proferenct' b) beuig punched, but iiUing 
hnym a burr which lias to bo removed to insure close friotumiS 
adherenoe of the plates. Holes arc drillod both by hand and by 
machine. 

Drilled Blatei.— This has reference to the mooe in whioh the holes an 
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pieroed tSuough boiler and other plates. In the best boilers, and in 
eSme special classes of work, the rivet holes are spwified to be drilled 
instead of being punohed Bj drilhng, tho tenacity of the plates is 
slighUy increased, whereas by punching they aro weakened. 

Briller. — A machinist who attends to a drilUng machine, maintaining it 
in working order, setting and fixing the work on its table, and m some 
shops grinding the drills and regulating their speed. 

Brill Feed. — The cutting feeds for drilling raaohmes are of several kinds. 
They usually consist of a stTew and hand wheel, or of a screw and cog- 
wheel whose boss forms the nut of the screw, or of a nick and pinion, 
actuated bv hand gear, or of a ratchet and paul 

Drilling Cramp. — A pair of rods 8uspendo<l from a cross bar of which 
they fonn a rigid connection Tho rt^ds aio ciu'vihI at tlieir lower ends 
to receive pipe lengths, which rest in tho hollows of tho curves, as in 
cradles Tlicy arc drilled from above while thus held, the thrust of tho 
drill bmng bikon by the cross bar. Drilling cramps arc used specially 
for out<l(H)r work whcic a machine is not avuihiblo 

Drilling Machine ~ A machine which liolds and actuates a drill. The 
forms of these are exct‘odingh numerouH, and are described under their 
distinctive headings Essentially a dnlling m;n-hiiie consists of a table, 
a drilhng spindle, driving gear, and suitable teed motion Machines 
vary in size from those of masHue pioportions dnven by power, to hght 
stnietures drivon by the foot only 

Drilhng Oil. — A cheap oil used for tholuhnoation of the edges of drills 
and ardl-hke cutters 

Dnlling Pillar — A vertical jullar « lam]»c<l to a work-bench, and funiiehed 
with a sliding adjustable arm from which ])rcssui() is c\crtf*d through 
the medium of a screw on a dnll revolving between the screw and the 
work lying on the IhuicIi 

Drilling Spindle — Sec Dnll Food, Dnll Spindle. 

Drilling Table - The tubb' of a diilling macliino upon winch work is 
either lanl or < bimp(Hi while l>eing drilled. It is ordinarily made ad- 
justable for height, freipieutly also for lateral movement, and is fur- 
nislKsl wnth slots for the reieption of the Isdts used for holding down 
the work, and the angle-plates to whom' sides small work is frtHjuently 
iKjlb'd 

Drilhng Templet — A tcmiplet (n v ) of cast or wrought iron, which becomes 
a guide for the drilling of holes Tho templet is attai hod to its work, 
and the drill n guided in its movements through holes drilled in the 
templet itself 

Drill Plats — A circular plate which is fitted over tho mandrel nose of a 
lathe poppet to receive tlie pressure of a drill revolving in the drill- 
chuck, the work which is being drilh?d resting against tlie plate. 

Dnll Socket — The socket which receives the shank of a drill, either on 
the lower end of the dnlling spindle of a machine or in the drill chuck 
of a lathe 

Drill Spindle.— Tho vertical spindle of a drilling machine, which carries 
the dinlJ, and revolves , and tlirough whom* vc*rtical raovcTiient the feed 
is operated. It is a compound structure oousistiiig of the actual spindle 
which revolves, and the mechanism, usually a screw, or a rack, or lever 
motion, mbioh imparts its feed, llio uppcT and lower portions are 
emmected with a swivel joint, having baraenod compensating collars, 
or the lower part is bor^ to receive the actual imindle whm slides 
through it 
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Drill Stock. — A drill holder used in hand-drilling ; that is, it indndei 
tl^ Mcket which reoeivefl the driU shank, together with the plain podj 
- which it is attachod. 

Drip Can. — Soo Soap Water Can. , 

Drip Cup, or Drip Pan — A light shallow tray of tin or iron, placed under- 
neath a lieaniig or nmchine to catch the waste oil and prevent it from 
dirking 8ubja(;ent parts 
Drip Oil Can. — See Soap Water Can 
Drip Fan — Sec Dnp Cnj) 

Driven.— In gearing signifies the wheel, or heels, actuated hy a driver 
(q.v.). In calculutioiiH involving trams of gearing the product of the 
scries is in gcoun tneal, not arithmetuul ratio Hence the rule is 
Multiply the radii of all the drivers together and the radii of all the 
driven, and divide the lathT hy the f(jnni*r for the nieeliaiiK al efficiency. 
Drive Pipe — The fu*d or inlet pipe of a hydraulic ram (q v ) 

Driver. — (1) In gearing signines the uheel which drives another (See 
Driven. (2) A i)rojc‘< ting piece of metal used when turning betwc'cn 
dead et'iitrt H, to iinjiait rotation to the work. It is either attached to 
a faro plate, or is earned m a slot m the point centre, and heanng 
against a tuojertion on Uietarnoi which embrac ea the end of the work, 
so drives it rouinl 

Driver Chuck, or Kunning Centre Chuck ~A yK)int chuck in the hcad- 
shK’k inandiel wdiirli ( aim s w oik Ik mg turned hetwa'cn centres 
Driving Axle.— An avU' vs huh < onimuni< ates motion , lienee called alive 
axle, m opposition to a d( ad axle (<i v ) The axle of a locomotive to 
whieli Uio motion of the connect mg- rods is diiectly communicated is 
an illustration 
Driving Band.— Si-e Ih lt 

Driving Chain. — A j>itHi chain (q v ) , or an ordinary (luin whose links 
fit into suitahlo recesses cast aiound the periphery of an ordinary 
sheave, bee App 

Driving Chuck.— (1) A l.itlnMdunk tittisl with a driver (q v ) for actuating 
thi‘ tarm'i ((| V ) ^1 lie (liuek is I'lther a eireuhir-fjiee plate, havung a 

pm ]>iojt*etmy fitiin il** f.ie<> , or it is a dead eentie I'ldarged at the nock, 
and pin (ill with a nlot for the rec<*j»tion of an L-.shajK'd driving piece 
(2) ^kiiin’linn's apple <1 to tht' ( up chuck, ln’eause the wood is driven into 
It hv blows fmu a h.iininer 

Driving Fit.— A hush, a shaft, or spindle is siid to le a driving fit, 
when tlic blows of a hvunmer are rccpiirnl to send it d )wu into the 
hole iKirt'd for its recc'ption The amount of force rec]Uired will vary 
with eireumstani'ca It must not Ik? so much as to hurst tlic metal 
around the bob', nor so slight that tlio fitting will wear or work loose 
in time 

Driving Gear. -- A t<nu of general application, signifying the immediate 
arrangement of vvlmls, pulleys, belts, levers, &.e , by wliieli motion is 
oomniunn’iitnl 

Driving Home. A sh«»p term wliieli signifies the driving of a wheel or a 
sliaft, or any iv>rtion of rnn haiusm, to its pennanent jHisition and final 
resting nlaei' 

Driving Side,— Tliat side of a licit which drives its pulley. The side 
most suitable for drivmg will depend upon the relative positions of the 
driving and driven pulleys In a horizontal arrangem^t it is the 
lowOT or slack side ; in pulleys arranged vertically either side may be 
the driver. When bolts pass over guide pulleys placed at difiereut 
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angles from the main puUeji they oan only drive on the sides wMoh 
ar# in the same plane. 

Driving Springs.— The springs which carry the axle boxes of the driving 
•axles of locomotives They are fremiently volute springs instead of 
being built up, and a pair are put under each axle box 
Driving Surface. — The after face of a propeller blade, or that wliich 
thrusts against the water 

Driving Wheels. — The wheels of a locomotive which are attachcnl to the 
dnvmg axle 

Drop. -(1) That stage of the pig-boiling (q v ) process m which the 
ebullition or Iwiil ceases. (2) Also that shige of the ])rt)ces8 of the 
manufacture of steel m the Bessemer eonvetter at A\hieh the flaino 
suddenly hhoi ten indicating the complete deearhui’isatioii ot the metal, 
and v\hieh is the signal for the shutting otf ot the blast Set' Boil 
Drop Bottom Boxes. — Boxes used in the laying or disposition of hltieks of 
artihcial stone or eoncreto by gravity alone TIu' bottoms of the Ikixch 
art' made to unfold and open down wauls, allowing the enclosed block 
to drop into its place. 

Drop Bottom Cupola. — Tlie bottoms of many cupolns are now furnished 
with lunged doors made to fall downwards by the knocking away of a 
pm. The advautiige of their use is, that the l.iboui of raking out th(' 
nre after the blown g is avoidinl, tVie whole mass falling bodily on the 
dnifiping ol the doors Such cupolas are neei'ssauly supported on 
short columns, give sufficient space for the embeis underneath. 

Drop Bottom Skip.— Si'c Skip. 

Dross. — TliesuUage, scurf, oxide, and other impurities wIik h arc skimmed 
ott the top of molton metals, or which accumulate* in tlio head or in 
the riser 

Drum — (1) A large ham*! which coils the chain m lifting-tickle (2) A 
W'ide ))lain Inlt pulley (.1) A stepped belt pulley, for driviug at 
ditit rent sp< eds 

Drum Head — UTie ujiptr portion t>f a < i]>Htan 

Drummer A t<'rm apidunl to a smith’s hammerman in many parts of 
the lonntrj 

Drunken Saw.— A ciu'iihir saw tight<*iio<l on its sjundlo, at an angle with 
Uie axis of the spirnllo, by means ot lievelhMi collars llio turning round 
of the ('ollars tlirough an arc of the circle allows of variation of the 
angle withm eortain limits. These saws are used for the cutting ol 
grooves in timber, and the angle at wdueh the saw is placed governs 
the width of the grofivo. S^Jinetiines called the wabble saw. 

Drunken Screw. — A ‘i<*rew wliose outline is irregular or wavy. 

Dry Bottom.— A puddling fumact* is said to have a dry l>ottom when the 
slag IS not allowtsi Xfy um umuluU , hut is drawn oil as ficqueutlyas 
possible 

Diy Bruih —Iron -moulders t/nn the brush with which they sweep the 
aiiid awav from the joints of moulds and of patterns a dry brush, to 
distinguish It from the w^et or water brush (q.v.). 

Dry Copper.— S<*c Pol mg 

Drying — (l) Drying has the srime signification as coming to nature (q.v.). 
(2j The expeluug of the moisture from a mould or a core, in a drying- 
stove, ^vious to casting 

Drying CtUa.-f-Ceriam vegetable oils which become dry and solid on expo- 
suro to the oxygen of the air. Xonseed, hemp, popw, almond, and 
oohea nre drying oiU* The presence of litharge or lead oxide bavtenf 
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drying process. Drying oils are therefore used for paiuts (See 
Liusom Oil.) Owing to this rapid absolution of oxygen, spontftaeouB 
cottibustion (q v ) has frequently taken place 
Drying Stove. — A stove used for the drying of foundry moulds and^of 
largo cores It is a bnck-built chamber of rectangular form adjoming 
the foundry, of which it forms a yjart Into it run hnes of rails for 
carrying th<' cor<‘ carnages It is heated by a coke fire made m a pit 
in the the doors lioing IieriiK tieallv sealed, and the smoke pass- 

jMgaw.iv thrf)ug]j a fl«ie at t lie back The tc^mperaturc of the stove 
should not ex( * *•<! alsjut 400 I’.ihr , rise the eojes thH bec^omo burnt. 
Tile time during which a mould or core should leniain m the slovo will 
vary from two fir three houiH tf) as many days, lx*ing dependent 
entirely on its bulk 

Dry Moulding Moulding in <li\ sand (<j v ) 

Dry Puddling 1‘uddliug <arncHl on in th»“ n'xerbnatoi y furnace, where 
deearlmnsat ion and oxidjitnui are f hntly f'ih i ImI by tin* oxjgeu of 
the air 11 is so ealliwl beeanse the metal is ne\(>i allowed to pass 
beyond the ]>astv eoudition It is now almost supcrsfHbHl by the 
process of jng bnding (<] v ) Se« A]>p 
Dry Sand. roundi\ sand eonsmt mg of a mixture of strong sands, coal 
dust, and dung (Jailed dry b« ( anse moulds in.id< in it nie diied m the 
stove, in eoiiti adistiiH'iion to giecn sand whn b is not dried (See Green 
Band, Skill DrMiig ) Drying is always rtsoit/Otl t4) when tastings of 
superior (|ualitv ar<’ d«'Nired 

Dry Sand Moulding Tbe moulding <»f woik in diysand {q v j The 
dist lint ion Iw'twtMi dry sand monl<ling and loam moulding (qv) is 
that tbe lutbr is iilw a\ s < tlo* 1<‘d without tlu' us«M)f .i full ]>attt*m, wmilo 
in ilie funnel a is ein|>lo\(‘d, and also that tin siiid in tlie 

former case is mivt'd and in.impulatod likt* onlmary grei*ii sand, while 
in loam w'oik it is mixed w ifb wabT to roiub i it plastic 
Dry Stoam. Steam which ]m*< nntber l>o©ii KU])iilKab‘d (q v ) on the one 
Imnd, iioi im\»‘d with the w it« r of ]>t lining’ on the other, but remains m 
the nonual condition, wlinh expciicnce has pto\ed to be the most 
suit-able foi use in engim < \liii<leis. Called also saturaUnl st<Mm 
Dyy Uptake. - WTien the ujdake of a inuiiiu boilei is plaeid witliout the 
shell awav from contaet with w.iU'r and steam it is tenned dry, tt) dis- 
tiiitfiusb It from a wet uptake (q v ) 

Dry Wood -TiiuImt frt>in wbi< h tlie sap has been removed by seasoning. 
It should be allowisl to remain in tbe log fir balk for two or three years 
aft-t'ir felling W luai sawn into bo.inls it should Ix' juled in a rack on 
an o|Hm building exjHwfal to eurreuta of nir, thin strips of wood placed 
ODsswuse alteinating with tbe Iniurds m tln-jules, to iillow^ of tlu^ access 
of air to Inith suit's t»f the tiinb r The IxianK tlius “ stripfHHl ** should 
rotnaiii a twf'heuionth oi two years, dtqu nding on thu k ness, before 
lieing ustal 

Dnotility. I’bat iitoiv rfv of metals in \irtue of wliieh they eau l>e drawm 
out iiiUi wiles This piojM'rtv dt ptuuD piitly iiptm malleability, but 
chioliv ujHin tbe t<.uueit> f»f tlu' ]iaititli ttuuposiug the metal 
Dull A tof )1 IS saul to 1 m dull wlu'ii it < ut" or abnidt s w'lth diflif'ulty 
Dali MeUl. C’nst metal is s.iid to Ik dull when it is ullow'ed to partt 
witli some considerable jHirtnm of its heat in the ladle liefor© bemg 

g )ured, so as to ent4'r tlu' mould in a somewhat thick eoudition. 

ull metal is used by prt»fereiice for heavy work, since it shrinks less, 
oiystallises larger, and cools sounder than hotmetal. The limit to tbe 
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use of auJl metal is that at which cold shuts form, and the metal does 
not .possess sufficient fluidity to fill the minor ramifications of tho 
mould. Metal is dulled by being allowed to stand in the ladle, or by 
the throwing of cold runner heads into the molten mass 
Dull Bed Heat. — This corresponds with a temperaturo of about 1290° F. 
Duodecimals.— A system of multiplication to obtiun the superficial and 
solid areas of rectangular fipires, by the use of units of squai-o feet, 
square inches, superficial prunes, solid pi’imos, solid foot, solid inches, 
^d seconds ; the multiplication taking placo crosswise , the product 
of feet into inches giving piimcs A ])nni(' is 12 Hijxafieial inches, 
that is, a piece 12 m long and 1 in hioad It is used m tiinlwr 
measurement, and in rectangular measurcnuait of tanks, ico 
Duplex Bear.— A punching bear ((i v ) which is actaatfsl by a screw 
moving (huible lovers 

Duplex Lathe — A self-actuig lathe funiihhed with two rests, one on 
(‘Hch Hide of the bod, for the taking of two cuts at one time otf a piece 
of work The hinder tf>ol is therofoie inverted 
Duplex Hachines. — Machines in which two sets of similai oi>erationH are 
|H*rfonnf‘d at one time 

Duplex Planing Machine.— A double planing maohme having two beds 


and two tables 

Dntolf Wheel Crane.— A whip crane {q v ). 

Duty. — llic duty of a stmm engine is the number of pounds raised one 
f(X)t high by the burning of a bushel of Welsli or Cornish coal The 
average duty is ()0, 000,000 of pounds raisid one foot high, or 
00,000,000 ol foot pounds 

D-Valve — Applu'd to the common slide valve, IxM'auso the fai'O of the 
valve 18 hollowed in the fonn of a letter “ Q,” and the outside roundisi 
to the same outlmc 

Dwarf Pillar.— A very short pillar Dwarf pillars are used for the sup- 
port of the bwls of roverber.itory furnaces and the kuIom of blast fumacos. 

Dying In. — The merging of a hollow radius into a jilaiHi surface is so 
termed by workmen to distinguish it from tlio meeting of abrupt 
angles 

Dynametrioal Horse-Power — See Actual IIorse-rowiT 

Dynamical Values. — Tluxin-tical values convtrtid into bjnns of work 
units Tims thermal values (q v ) multiplied by foot pounds (q v ) 
give dynamical or praetical values fai foot pounds. Yet siik e in esti- 
mating those dynaniKial values no allowance is made for losses duo to 
imjM'rft*ction of mechanism, and loss of heat and work conHe(j[uent 
thenxm, a percentage only of the calculated dynamical values can be 
taken in j>ractice 

Dynamic Fatigue. — The fatigue of materials (q v ) which r<*sults from a 
dvuianne load. 

Dynamic Load - A rolling or a moving load, as distinguished from a 
dtiid load 


Dynamics --Tliat branch of intK.hann s winch treats of the laws of forces 
tliat pr(>duc4- motion in the bodies and structures upon which they act. 
8ee Htaties. 

Dynamometer. — An instrument for measuring tlie intensity of a force ; 
lUHially ooueistmg of some form of bent or spiral spring, whose 
strcsi^^ baf been tested and registered. A special form of dynamo- 
meter 18 that contrived by Prony, for determming the friction of a 
ihafi. A pair of friction blocks, capable of being tightened around a 
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revolving shaft by moanfl of bolts, arc attached to a lever. The 
kmount of fnrtion f)f the shaft for any given pressure is detcrmMied by 
the prcKiuet of a weiglit HUHpeinb>(l from flie leviT, an<l jnst suffieient 
in <imouiit t(> eoiiiiteiact the UncUncy to revolution, into the length of 
the lever itself. 


E. 

iii — The tikmIhIuh of olasln ily (c] v ) 

Ear. - A Iner fq \ ) 

Early Cut Off 'Fins term rchii* s Iri Ok* r.itio of the ('\pansion of steam 
in Mil cngiiu* < > lindor Any ( nt oil undti one-li.ilt tin sliokeniaybe 
i|>r<»]H‘ily t< not d o.iilv 

Ebimte- A < oinjuMind of indi i-rnblxT A\ith Hulpbiir and other intirro- 
dients Ji iM <l for di.iiitrlitsinen'H H« t and n .ih s. for A\liU’h 

its (jualities ot li.iidiiesK, modi i .ii^‘ i l.istii it \ , .ind Mnootlini ss oi Mirfaeo 
KMidei it Hiut.ilili J'ihoiiit* iliili rs OS'*! nil ill\ 1 1 tim vuli .imsed nihl)or 
in bi'ing ehaipHl \m11i an < \i i ss of sulphui, .ind hubjeoted to a gieabT 
hi'Mt ioi a lon^sO’t jH'iioil of tim«‘ 

Eccentric A jm-ii of nns h.inism etiq>lo\od m i'nj,'‘in(’H for c iiinertftigthe 
rotatorv motion ot tlieei.ink ^b lit into aii ( ij>riH itinir let tiline ii motion 
upon tin- stidi NaUi or tb(< ti*i d jmmp It l^ eib't ted b\ |.riMng U) a 
ring upon tin Hb.iit a d( lin.te “ tlirow ” oi eeeenti n it \ , i pi il in amount 
to thi' halt ot tie t f avel td tie \ iKe, or id tie pbniir<*i stioke Kim en* 
tni’s iiie also mill li UMd in g* nei il m.ubim* i on^trui tiuu Siimetimes 
spelt i \i ent i n 

Eccentric Hoop Set J.ntntie Stiap 

Eccentricity.-- riu* di\j,itu>n of tie iintHs i)f two iiiiks from one 
anot )e i 

Eccentric Lug 'Tie jaoji itmg ptirtem (d an iMMontru ■'tr.ip, b) \\ hieh 
tbe <‘t i I'liti e md h itt e le il 

Eccentric Rod 'Ide' lod nbeli kh** n» s tle‘ motein iif ibe e< i entne strap 
.nel ti insmits it to tie vaKi*, oi ]>ump, oi otbei lod to whe h movemout 
IS to be imp ii ti'il 

Eccentric Sheave - Tie* bod\ of .m is Moitiie, or the ai tualcsTontric itself, 
wlieb IS bagt'd iir ki mhI iliutlU upon the crank shaft, and whoso 
throw Is (vunmumi ittsl ti) tleM < i tadi e* strap 

Eccentric Strap oi Eccentric Hoop 'Fbe belt which rneindos the eecen- 
tiii’ sbe.ut', 'nel ti.insm ts its moti"n to tin* eectmtin ri)d It is gniiivi'd 
on its line i fee t<' tit into a <eii n spondiny gri)o\ e on tie* rim t)f tlie 
iHiiiitie, without whel. it woiihl slip oil salt w ns. Jm inir groiiMsl, 
tlerefoii, it Is m eb in two pen es, w be b I'liibnut the sle i\t, and are 
lielil w itli biilts passing tln«aiudi pi.q* » luiiT lugs Strajis an m.uh* in 
lion iU in gun ne t il sometine s non « tstin^s iieempli)\e<l, ba\inggiin- 
iiitdal ine rs 

Eccentric Throw Out ''nie m »ii m bv wbeli tie' wheels on tlie liiiiih r 
nnindrel of :i b.e k-e« ind 1 itle ait tinown out of g'l'ai, a small eeeeii- 
tri(* made fast to the maieln l U iinr us^sl for the purpose The f<Tm 
distinguishes this fonu of throw-out geti from a liac'kw'ard or linear 
tlirow'-out motion, in w lie h the luandnd bcurimrs slide linear guidt'«, 
and also from an endb mg linear motion, by which the teetli are elid 
out ot couUict m their lougitudiual diroctionii. 
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£e<moiiii«er.~ An apparatus, or arrangement of pipes or reservoirs, m 
Thict the feed water for steam boilers is boated up to, oi hiirhor than, 
the boiling jwint. Feed water heaters, therefore, are ('eonoimseia. 
Edg^Plamng Machine. — See Plato E(lg<i Plaiiiug Ma<;]iine 
Edge Eunners.— Loam and mortar mills aio so eallod, bet an so the rolls 
run on fnlgt* 

Edge Tools - (fitting tools 

Eduction, --'^l^be of the exhaust steam hum a eylnubr 

Eduction Overlap, -hlxhaust lap (ij v ) 

Eduction Port. An exhaust poi t (q v ). 

Eduction Trunnion. — The trunnion of an osdll.iting cylinder through 
whu h tho • \h lUst steam pass(*s on its way to tin' ( ondi'iism* 

Effective Area.— The cfft'ctnc area of a screw' blades is that obtained by 
the ]>roje( tioii of the blade on a piano at right angles with its axis It 
IS, there fore, less than the .supertie ml are.i 
Effective Heating Surface, — S* e Heating Surface 

Effective Pressure.— Tin- net amount of prc'ssure upon tho jnston of un 
engine, over and above that wluch is nocos.sary to balaiieo tho prossuio 
of tho atmosphere 

Effective Section.— Tlic effective section of tho shell of a steam lioih'r is 
a fmctional portion (»f the gross seotion (({ v ) obtaiiu'd by dodlleding 
tlu'refrom tin loss of strength du(‘ to the iiveti'd sc'iims 
Efficiency - Tin* effitieney ot a |oint, striuturc*, madiiiK', oi jiart, is die 
ratio wliuh sudi Ih'uisto some uiuUTMtxiod staiubiid ot lefcicnee The 
(ffidoncy of u ii\th‘d joint is its pcicentage stiengtb, estimated rela- 
tuelyb* tliat ot tho soUd plate Tho ottieioney of a maeluno is its 
modulus (<i ^ ) 

Egg-end Boiler. -A hoi i/ontal, cyliudiieal, externally fired steam ho dor, 
liaiiiig lieinisphei leal ('inls It is now little used 
Egg Sleekers. — Mouldei’s to<ds, whose faces .no .i segment of a sjdiorc 
I s<*d tor eh'amng tlu' hollow faces of woik ot heniispherieal seetions 
Also ii nmsl huthni shektis 

Eighth Bend -A bend pi]>c having S(K keted and spigoh'd ends, whoso 
length ocjuals ono-eightli ot tho t in nintereiieo ot tliu cirolo to whoso 
radius the < une of tho bond is strm k 
Ejector.— ht'o Injc < t-or 

Ejector Condenser — A (’onddis<*r in whidi the watcT is diawni from tho 
feed tank mto tho (ondcnsing cliamhor by the atlion ol tho sUnm 

ltS«‘lf 

Elastic — Stnctly sjieaking all 1 sidles are elastic, simc all when subject 
h> stroHS oxis'iienco str un But it is disUmiary to divide iKcdicHinto 
olastn*. and non-ehistK or rigid, aijcording to then .unonnt of sensihlc 
elastn it\ , so tliat a Isidy when suhjen h d to a give n stn hh at a gnen 
tc'mjHTiiture, whu h dots not iiu r< wlu n tho stn ss is jaolimgt «l, .md 
dis.'ip|s urs w hen the stress IS n moved, is called an elastic l>ody Ste 
Klasth Limit 

Elastic Blow — (!) A blow from a h .immer whu h IS not finn and di'ad, 
(2) Signifies tho nature of the hlowr given by that < lass ot stc'am h.am- 
mers 'whtre Htofim IS introduced between tho pishm and tin* ( j liiuler 
ends to produce cushioning. 

Elaatie Core Packing — A packing sometimes useil for stuffing lw)xos, 
consisting of ^ndia-rubber encloa^ in canvas, the india-niblieT consti- 
tuting the elastic core. Sometimes calhxl elastic steam packing. 

Parce, — ^That property which steam possesses in wimmon with 
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gmoB/iM bodies generally of undergoing expansion and compression, 
eorre^ndu^ dimination and increase of pressure. • 

VlMtiiAty . — ^This baa reference specifically to the extent to which a bar or 
strooture may be elongated by tensile stresses, without remaining per- 
manently extended on the removal of the tensile force. 

Uastieity, Kodulus of. — See Modulus of Elasticity. 

Slastio Limit. — That point at which the molecular actions within a bar 
or structure tending to resist deformation cease to balance the strains 
imposed thereon ; in other words, when the straining action is so great 
as to produce permanent change of form. Materials should never be 
strained to this lumt. See Permanent Set. 

Slaitio Nut. — A form of nut by which compensation is made for the wear 
of the nut and its screw An elastic nut may either be sprung, by 
sawing a longitudinal groove through one side of it, and hammering it 
upwai^s, or it nuiy consist of two separate nuts, one above the other, 
kept pressing m opposite directions on the screw by an interposed spring 
nng 

Elaitio Steam Packing. — See Elastic Cort' Packing. 

Elastic Strain. — Tlie amount of str.im impoKcd ujioii a stnicturo by a load 
not sufficiently great to cause the matciial of the structure to exceed 
the ohistw Iwiit (q v ). 

Elastic Strength. — The groafost Htro»H nhirh a bar or structure is 
capable of sostuming withm the elastic limit 
Elastic Washer. — (I) A form of washer emplc>ycd in pl.ice of a locknut It 
consists of n split sk'cl ring whose faces near th<* split ends are turned 
sliglitly upwards and downwaids, thereby diverging fiom a true plane 
Those are sprung or coimiressod hwel bv Ibc ])r(\sKuro of the nut, and 
their elasticity provoiits the latba from slacking ba( k (2) Wasliers of 
vulcanised india-rubber, employi*!! chiefly in pumj) work 
Elbow. — A bend pipe whose direction of outline is abruptly angular, with- 
out any radius or rounding of one portion into the other. The two 
arms of the elbow meet at 90° of angle Employed cluefly for coimeet- 
ing wrought-iroii piping 

Elephant— A drawing paper, measuring 28 in. by 23 in and weighmg 
72 lbs to the roam. 

Elevation. — In drawing signifies that view of a structure which it bears 
to an observer standing beside it and looking against its vertic^ face. 

A sectional elevation supposes the structure cut vertically through the 
centre, and the observer standing as before 
Ellipse. — One of the oonio sections, the curves of whose ends are equal, 
and whose centres, or foci, he in the conjugate axis at equal distances 
from the centre. 

ElUpioidal Eivet —A rivet the section of whose head is elliptical in 
form. 

Elm (V7mus tree of the natural order Ulmacea. It is a 

coarse, open-grained wood, much given to warjiing, and is very spar- 
ingly used in engineers’ woiks It is employed for foundry stneUes, 
bemg used to strike the wet loam to shape Its tenacity is about 
14,000 lbs. per square inch. A cubic foot weighs 34 3 lbs Sp gr -56. 
The American elm ( Ulmus Amei %cana) is whiter and harder than the 
English elm, and also more straight-grained. 

Eloagation. — See Beduction of Area. 

Emery . — A species of oonmdum oompoeed of oxide of iron, alumina, 
cilioa, and a small proportion of lime. It is crashed and pounded to 
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difl^rent depees of fineness, made into a variety of preparations, and 
used |or different purposes, its value depending upon its hardness. 
Emery Buff. — A wo^ roller, having emery powder glued upon its peri- 
pj^ery and side faces for the polishing of metallic work. It is revolved 
at a high speed. 

Emery Cloth — ^Powdered emery glued on thin cloth, and used for remov- 
ing file marks, and for polishing mot.iUic surfaces. 

Emery Grinder — An emery whed (q v ) 

Emery Grinding — The abrasion of mebillio surfaces upon an emery wheel, 
bulf , or lap 

Emery Lap.— See Lap. 

Emery Paper. — Powdered emery glued on paper and used for polishing 
metalhc surfaces. It is not so flexible as the emery cloth 
Emery Planer. — An emery surfacer (q v.) 

Emery Powder. — Crushed emery passotl through sieves of different mesh, 
superfine flour emei’y bemg the finest, com emery the coarsest used by 
engineers Used for abrading and polishing metallic surfaces. 

Emery Stick.— See Lap 

Emery Surfacer. — ^A form of emery grinder (q v ) in which a broad solid 
emery wheel is em])loyed as a substitute* for the cutting tools of 
shaping machines The work to he surfneed is affixed to a sliding 
table, and passed undoinciith the levolving mIkvI 
Emery Wheel.— A wheel made of powdei(‘d em(‘iy e(‘mented together, or 
of emery eementvd to a wood centre It is revolv('d at a high speed, 
and 18 used for gnndiiig An enuTy bulf ((| v ) is also a wheel, but is 
of fine texture and used for polishing only Kmeiy wheels are 
cemented togetlier with a silieale insoluble m water. 'Jdiey are made 
in about t<‘ii grades of co.irseiu'ss. 

Emperor.— A drawing paper of finest quality. It is made in sheets 
measunng 72 in by 48 m 

Empirical Eule. — Any rule or equation which is not deduced from purely 
mathematical or physical considerations, but which is based ujion 
experience, convenience, or custom It is therefore not scientifically, 
but only practically and approximately accurate Most of the formulee 
employed by engineers are empirnal in that they are based chiefly on 
the results of previous experiment and jiractice 
Enamelling. — The coating of water jnpes internally with a smooth 
pamt in order to dimmish the friction of the fluid, and loss of head 
consequent thereon. 

Enoastre — Encastre signifies the firm fixing of the end of a cantilever, or 
the ends of a beam in a wall or other supporf A beam is stronger 
when encastre than when simply supported. 

Enclosed Wheels. — Reaction wheels (q.v ). 

End Elevation, or End View. — A view on a drawing showing the end of 
a structure, as distmguished from its side view. 

End Grain. — That face of a piece of timber exposed by the cutting 
of its fibres transversely to their course. 

Endless Chain. — A cham imited at the ends and used as a earner of 
power, such as a pitch cham (q v ), or an ordinary chain which is made 
to fulfil the purpose of a pitch cham by fitting into recessed chain 
wheels. 

Endless Hope.— A rope united at the ends, and used as a carrier of power, 
as when ihe Iraversmg motion is given to an overhead travelling crane 
a man hauling at the rope below. Endless ropes ran in smooth 
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ihtavoB, or in wave wheels, the effect of the last-named form bein^ to 
increase the bite of the rope 
SudleiB Saw. — A band saw (q v.). 

Endleis Screw. — A worm (q.v ), so called Ijoeanse it drives continually Jn 
one dwoc'tioii, without revcrwil of its motion 
End Linkft. Tlie links which teimin.ite tlio st.'indard lel)^'•th'^, usually 
15 fathoms long-, of ( h iin asordin.iuly^ manutiw tured Tluy are thero- 
foro used as shutting links (q v ), 1 (Miig about two-tenths tliK ker than 
the oidinary links 

End Measurement. M(asni<in<nl t.il/n vi(]» a r,ilij»(‘r or micrometer 
gauge, as ojmosnl to line irn .isiin nn nt (q v.) This is far more 
an urat(3 than liiu' mc.isim nu nt 

End Play.* 7'1 m* pl.iv at tla^ < nds of a revolving ji.irt, th.it is, play in a 
longitudinal <lii((jion Jf iH<^s<n<ial in sonKMUses, in otln rs it is an 
evil Knd j)lay is nc'r < Ms.ny m fin dank pins of os< illating cylinders, 
while in the bii< k < nitn s ot l,ifh< s it is an ('\il 
End View.” Sd Knd K!< v.ition 

Energy.— Th(' < .ijiai itv tor ])<rformiiig work, or, using .in older term, rn 
vxva It miy he poti'utial energy, (»r that which ri'iiiMins in aU*yanee 
until called into <-^('iei 80 , such as the energy pristmt in finl, oi in a 
machine wln< h is wound up, or in a lifb'd w( ight, or in the steam in a 
hoilci It ni.iy h(> kinetic cnerg), or cncigy m motion, or actual 
eiicigy, doing Inngihlc work The (aiergy ot a moving body is pro- 
portional to tin ■stpi.llo of its M‘1<K itv 
Engine.-" A motoi oi pume mover (<i v ), automatic in its action, as 
dNiiiiguislu'd liom .i in.uhine which ran only rc*ec*ivo motion from a 
motor ext< i umI to itsi If 
Engine Beam - 'i'lie 1 m im of a heiim mgiuo. 

Engine Boiler. - See Hoilei 
Engine Counter S('('(^^unt(T 
Engine Cylinder. Sec'tMindci 
Engineering.- Su' Mei hanu al Kn^inoenng 
Engine Fire. — Tin* fiK nndi'nnath an (‘iigim* boiler. 

Engine Friction llu' tot-al tiietion diw^elopisl by an engine indepen- 
dently of tliat of aiiv nuuhuiei^ wliieh it has to diive Wide healing 
suvfiu es, bahim tsl vah t's, and piopt r luhneation are tin* means whereby 
its amount is itdiued It rangc'.s from alamt 10 to 60 per eent , the 
last being an ex( essiv o amount, and only U) ho met witli m engiues of 
bad eousti uetion 

Engine Lathe.— A somewhat vague term, but as geiienillv used signifies 
a lathe ot model at«» or large si/e, drsigmd to peitonu the ojH*rations of 
engiiuH'i s woik, and diiveii bv tlu* motive jxivver deiiv’-ed from tlio 
engine 

Engine Pit.— A pit fiom 2 ft U m to 3 ft G m dix j), dug Ix'tw'ei'n the 
rails in loeonc tivi' itji.uiing vlud‘<, and over wliuli the engines are 
hnmght m ouhi that the woikimn may bo able reaiUlv to get at the 
under vv oik 

Engine Power.— The jvower of an cng-ine is ohtaimxl by multiplying the 
piston speiHl into the total avt'iage pressure uimui the piston iVom the 
product tlio amount of ongme fiietion has to he atxlueted, and the 
result is u renuimder which divuUsl by 33,000 gives tlie net horse- 
power. 

Engine Begister.-~A counter (q v ). 

Engine Shaft.— The driving or crank shaft of an engine. 
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Engine Work. — ^The mecliamcal details connected with the construction 
ot eogineS) as distinguished from other classes of machine work 
Entablature. — ^An overhead table or frame sustained by vertical columns 
prising from a base plate, and between which and the base plate 
certam machine parts a.e earned, as tlie w'orking parts of forging 
presses, pumps, &c 
Entering File. — Sec Cottar Files 
Entering Tap. — A taper tap (q v ). 

Envelope. — (1) The covering ot a solid. (2) The sotting out or develop* 
ment of plates, and boiler- makers’ work may be regarded as the de>e- 
lopment of the cn\ elopes of solid bodies 
Epioyoho Tram. — A tram of gearing in which the ccnties of motion 
(q V ) are not fixed, but movable m space 
Epicycloid. — A cydoidal curve which is formed hv a generating ciiclo 
rollmg upon and without a fundamental circle, llie laces of external 
or spur-wheel teeth are so formed 

Equal Forces. — Forces which act m opposite directions and balance each 
other. 

Equality of Moments. — The condition of equilibrium in a system of 
forces, by wliuh when power is gained time is lost, and wee insd. 
When opposing forces balance one another, so that (xiuilibrium results, 
fhere is said to be eipiality of moments 
Equallmg File. — A very tbm, flat, and generally parallel file, someiimcs 
also furnished with one safe edge 
Equal-sided Angles.— See Angle Irons 

Equation. — An assemblage ot quantities and signs, which placed to right 
and left of each other, and separated by the sign = , are numencally 
equivalent t/O each other 

Equation of Moments. — The representation of the various moments of 
force about a stinicturc, put into the form of an equation 
Equilibration.— The application of balance weights to the driving wheels 
of locomotives and otlier rapidly revolving bodies, m order to produce 
steadmess of motion 

Equilibrium — (1) Forces are in equilibrium when they neutralise each 
other’s influent e (2) A body resting upon its base is in equilibrium 
when Its centre of gravity lic*s vertically over the base on which it is 
supportcnl See Stable, and Unstable Equilibnum. 

Equilibrium Governor. — A govemoi whose balls and arms are counter- 
balanced. 

Equilibrium Eing.— A metallic nng attached to the hack of the slide 
valve in large engines generally, for the purpose of lessening the 
amount of its friction, which friction becomes excessive in largo valves 
exposed on the one side hi the full steam pressure, and on the other 
to atmosplienc pressure, or to the vacuum of the condenser. The ring 
encloses a space on the back of the valve equal in area to that of tho 
exhaust pirt, into which space, therefore, no steam can gain admit- 
tance iTie nng is commonly and properly put into a recess turned on 
the inside face of the valve casmg, occasionally, however, on the back 
of the valve itself. It is kept pres^ aj^amst the face by moans of set- 
screws thrusting against india-rubber nngs and metallic spnngs 
Equilibrium Slide Valve. — A slide valve which is provided with an equi- 
librium nng fq v ) upon the back. Or a valve which is of the jmdiron, 
doable or t^ble port^ type, the steam having free access to the outer 
and inside hollow portions See Double-portS Slide Valve. 
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SquiUbritUH Valve . — A valve m which the pressures on each face are 
e(|ualiscdt or nearly equalised, so that it moves "with the least exDendi- 
ture of power and the minimum of friction. See Double-beat Valve, 
Equilibrium Ring*, Equilibrium Shde Valve. • 

Xqnivalent — A number or quantity numencalJy equal to another number 
or (quantity, but expres^^od in different tcrm<^ 

Erecting — Tlic final f)uildiijg iqi of machines or engines in their entirety 
in readiness foi ’working All tin* woik of the turners, planers, slotters, 
dnllcifl, and ffttiis m fuought to the erector, jiresumably ready to go 
together, little oi no adjustment being iieiessaiy at his hands lie 
therefore builds or ei<<ts tin* woik whnh has l)eeii jnepared m the 
other depaiiiin nts 

Erecting Shop -A huge, lofty, loomy building us(*d for the ere^c ting 
(q V ) ol ( ugine and nia him* woik It may Ik* a building sc'parate fioin 
the fitting and nun him slnqis, or a stetion adjoining t}u*se It is pio- 
vidod with 'SK (s, M ])ow<'riuI o\eihead tiavellei, and lails, juts, founda- 
tion and base plat< s, oi otlni ( on\( nune(*s, aceoiding to the nature of 
the engines and madiiin's which aie manufac tiirc'd 
Irictor.— A fittoi or woikmg enginec'i whose special task is that of 
erecting (cj •\ ) 

Eloape Valve - Sc e (MindiT I's ajie V.ilve 
Eitunate.- S< nd* i 

Evaporation — 'J'ln comersion of a fluid into \aj)our* 

Evaporative Value ~ !)< note's the nlatne < apai ities for vaporising water 
possessed by ditlcU'iit tvp( s of steam boilers, by ^arl()Us arrangements 
of heating Hurfac es, oi b\ fuels of dilitient charaetiTs These values 
arc expressed i itln i iii horM*-powers, oi in units of woik, or in thennal 
units 

Even Pitch." A senw is said to be of even pitdi when the number of 
threads per nub in it ( itbei < onesjmnds w itb, or is sonu* aliquot part of, 
the pitch of the tbieads ot the leading screw of the lathe in which it is 
being cut Thus with a leading stiew of i threads to the inch, 4, 8, 
12, A'c , threads pel inch would be e\cn pitches, and the tool is in the 
right position foi (Utting in am position of the clasp nut 
Excavator ~ A tenn applied to a class of mac limes whose function is the 
digging out and reinoial of eurtli\ inatcTial in the preparation of foun- 
dations and baiboui woiks ,S(v Grab. 

Excentric. -Sec EccuniiK 

Exhaust.— The passage thiough which the spent stcum of an engine 
C'lliuder obtains egiess to the outei air, or to the* eondemser 
Exhaust Edges.— Tlie inncT edgccs, oi tlic edges ot the hollow or [) por- 
tion of u slide val\ e, by w Inch the exhaust steam is cut off 
Ixh lusting Fan - -Essentially an ordinary fan (q \* ), but baling the 
Hides eneloscHl to fonn an exhaust pipe 
Exhaustion.— The cs<*a]>c* of spent steam thiough tlic exhaust pipe (q v ) 
Sometimes tcimed eduction 

Exhaust Lap.— The rcHUietion or narrow uig of the inner faces of a elide 
valve to less than that distance which would correspond with a length 
measured between the inner edges of the steam ports, by which dif- 
ferenco the ports are closed earlier than they would be if their edges 
coincided exactly with those of the arch cf the valve. The result la 
that the steam is cushioned or compressed The term ^haust lap, or 
its equivalent, eduction over-lap, is used in contradistinction to steam 
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Sxkanst Line. — The bottom hue of an indicator diagram, which repre- 
sents the manner of the exhaustion of steam m an engine cylmder. 
Sxhauft Pipe. — The pipe which conveys away the exhaust steam from 
y:he exhaust port from an engine cylinder 
fizhauft Port — The opening or means of exit provided for the escape of 
the exhaust steam from an engme cylinder Its area exceeds by about 
one-half that of the steam ports in order to dimmish the evil of back 
pressure Sometimes called the eduction port 
Ezhanst Belief Valve. — A slide valve vhoae const iii(*tion is such tliat a 
greater width is opened to exhaust than to steam , in other woids, the 
port 18 fully opened to exhaust, hut onlj jjaitly opened to steam 
Exhaust Steam. -The steam vhich, luiMiig spent its toree and accom- 
pli8he<l its work m a eyhndei, is allo\vc‘d to pass away into the atmo- 
sphere or mto the eonthaiser. 

Expanding. — Boiler tubes are expanded when then ends are opened out, 
and tightened m their tube plate Si'e Tube E\])ander 
Ezpandi^ Bit. —A boring hit, having a culter oi cuttiTs capable of 
radial adjustment to enable the one tool to boro holes of dili’eront 
diameters 

Expanding Mandrel. — A form of lathe thm'k, wlmdi is marh' to expand 
within the work, instead of, as is usually the case, to clip it upon the 
outside The work is therefore bored first and tinned aftervvaids 
With this chuck, work of various diaim ters, within the range ot the 
mandrel, can be centred truly, and when turned can he released without 
the risk attendant upon driving off wifh a hammer The commonest 
form IS that of two cones, or rather, frustra f>f cones, mIioso apu'cs point 
towards each other, and bc'tweon v hn h the work is graspcxl by the 
tightening up of a bolt There arc seveial patent mandrels. 

Expanding Metal. — Bismuth, and alloys of bismuth, which are therefore 
employed for the close filling up of holes 
Expanding Bing Clutch. — A form of clutch, or coupling, in which the 
friction of a split ring against a bored hole, or recess, is the effective 
agent. The female portion of the clutch contains a parallel bored hole 
Within this fits a metalbc ring divided transversely, and capable of 
bemg forced outwards against the sides of the hole by means of a 
wedge, the wedge being actuated by a lever or a screw. On the release 
of the wedge frictional contact ceases 
Expansion. — (1) The period durmg which the steam in an engine cylin- 
der 13 increasing m volume, extending from the instant of admission or 
cut off to that of release (2) The mcrease of steam in volume, corre- 
spondmg with dimmislung pressure (3) Tlie extension of bodies corre- 
TOOndmgwith increase of temperature, the extension bemg hnear, super- 
ficial, or cubical, bemg in the r,iti03 one, two, and three respectively. 
Expansion Conpling. — A form of couplmg m which two thm sheets of 
steel corrugated circumferentially are mterposed between two ordinary 
flanged coupling faces which they connect, so that a certam amount of 
end play within the limits of the elasticity of the steel discs takes place. 
Other expedients are also made use of 
Expansion Curve. — The fallmg curve m an indicator diagram which cor- 
responds with the fallmg pressure due to the expansive workmg of the 
steam in the cylinder, and which reaches therefore from the point of 
cut off to the commencement of exhaust. 

Expansion Oelr. — ^The whole of the arrangements by which the expansion 
of steam in an engine is aocomplishod and regulated. 
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bpasliioil Engine. — X steam engine worked expansively. See Expan* 
are "Working. 

Expansion Hoop. — A ring which forms an expansion joint in a boiler flue, 
usually a Bowling hoop (q v ^ ^ ^ • 

Expansion Joint.— (1) A sliding joint inserted in a series of steam pipes 
in order to prevent the fracture which would result from the expansion 
and contraction of rigidly fixed pipes under changes of temperature. A 
turned spigot end of pipe xiasses ihrough a socket-like joint (really a 
stuffing box) mto the pipe beyond A gland is fitted around the spigot 
end and witmn the stuffing box, packed witli tow or gasket, to render 
it steam or water tight. The HX)igot pipe and gland are, therefore, free 
to slide one over the other, and so accommodate themselves to the expan- 
sions and contra ctioTiH of the entire series of pipes In a very long 
series, or where tluTo are several bonduigs m the series, there will be 
several cx^iansion joints (2) The expansion of long boiler tubes is 
allowed for by a Bowling hoop, or an Adamson’s flanged seam. 
Ei^pansion Plates. — See (hit-ofl I’hiU' 

Expansion Eing, — See Kxpansion Hoop 

Expansion Boilers, liolh rs jilaced underneath the ends of long iron 
girders and roof jaiiu ip.ils, to allow offr(>edoin of movement under the 
expansion and ( ontrac tion due to heat See also Pipe lioll 
Expansion Tank. - In njypnrntuH for healing ])y hot water, the supply 
cistern is im reused in (aj)a< itv heyond <hat nee(*ssary for actual snpjdy, 
in order to allow of the evimnsion of water due to heat w’lthout the risk 
of overflow mg 

Expansion Valve.- The valve or valves nsid in tlie steam chest of an 
engine eyliiuhr worked expansively When a single valve only is used 
ami the (ui-off efleek'd by the diiect adju.stment of the eceentne, it is, 
Htuetly speaking, an expansion valvi*, but the term is more properly 
used to deMgnat(‘ an nmingement of two valves, that is a mam valve 
havong a eut-off valve' (([ v ) luhind it 
Expansive Working - AV'lien steam in an engiiu' e\ limhT, instead of being 
allow’ed to ('iitei th(' ( \ Under at full pi<>ssure untd the tennination of 
the stroke', IS eut edt at seniie' tiaetioiial jwrtieni of the stre)ke, and so 
eaiise'd to (le» weeik by its own expaiisiem simply, the term expansive 
working is ajiplie'd te) it The steam mav he expanded m one only, or 
111 two e>r more' e^^hiuU'rs See Ceunponnd Engine 
Explosion — (1) In gas engines the result of the mixture in the presence 
of heat, of the' e'eimUustiiele' gases hvelrogem and oxv’gen in definite pro- 
portions, the hydiMgeu bi'iug the' orelinuiy e oal <ia-, eir otherwise denved 
II om the immeeliato deeomjMisitiem of semio of the hydroearbons, the 
oxygen being de'inod fremi the air (2) In steam boilers the result of 
internal ste un jiressuu exeeeding in amount the temsde strength of the 
boiler phite«, oi that of their seiius 

Explosion Chamber — The hiiuh*r extension of the cylinder of a gas 
engine in whii h the charge is explode?d 
Exponent. » See Index. 

Exposure. — Iho jdaemg of a sheet of ferro-prussiatc, or copying paper 
fq.v.), in a printing frame, with a negative print m tlie prmtmg 
iramo (q v.), employed in the development of phototypes. The time of 
exposure vanes with the weather and the nature of prmt, the blue 
lino phototype reamring loss time than the white line. In sunshine an 
exposure of less than a minute suffices for blue Imes ; m white hue, 
under similar conditions, from five mmutes to half an hour. In dull 
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weather, for blue lines, from half an hour to three-quarters ; for white 
hues, from one to two hours. Fine cloth tracings copy best, tracings 
next best, paper drawings worst of all.^ 

Eapression. — A combination or assemblage of algebraical symbols. 

External Forces. — Forces which act upon bodies, or systems of bodies, 
from without These are, therefore, the forces which produce strains. 

Externally Fired. — Applied to those steam boilers which have no internal 
fire box or furnace flue They embrace the egg-end, balloon, and 
wagon boilers. 

External Screw, or External Thread. — A screw cut upon the outside of a 
cylinder, therefore a male sci ( w 

External Screw Tool.— A sere w tool or a chaser of the form adapted for 
cutting external screw 

External Thread — An t Atemal screw (q v ) 

Extrados — The back or u]>per surface ot an arch 

Eye. — (1) The looped or ringed end of a rod or lever, used as a medium of 
connection wntli anotlnT rod or lever, by moans of a joint pm (q v.). 
(2) The eye of a wheel or pulley is the central hole or boro through 
which its shaft or axle passes (3) The eye of a furnace is that spot or 
a^’ea embraced or commanded by the sight liolos (q v ). 

Eye Bolt — A bolt provided witli a hole or oyo at one end, instead of the 
usual head. The eye is slipped over a round pm or stud, wluch receives 
the pull of the bolt. 


F. 

Face — Tlie face of a cog-w^hoel signifies the breadth of the teeth , tho 
face of a belt pulley, tho breadth of the rim Tho faeo of an anvil is its 
upper surface Tlie face of a casting is that surface which is turned or 
polished 

Face Chuck.— A face plate (q v ) 

Face Lathe. — A lathe cliiefly or exi lusi vely used for 8urfacing(q v ) . These 
lathes are generally a distinct class, having short bods, or only so much 
bod as 18 suflicient to sustam the saddle of tho rest , deep gaps reaching 
as low as the foot of tlie bed, or frequently lower still, being extend(3. 
into a deep pit sunk into the floor ot the workshop, so that wheels, and 
nngs, tunitables, &c , of twenty or thirty feet m diameter, can bo 
turned 

Face Plate, or Face Chuck. — An intermediate metal plate, which is fitted 
between tho mandrel nose of a lathe and chucks of tho best class. It 
is attached to the chuck by screws, or by a taper plug (see Taper Plug), 
and to the mandrel nose by a screw, or by a taper plug Often called a 
flange chuck. But the term face plate is more commonly applied in the 
shops to tho ordmary face chucks, which are provided either with slots 
for bolts, or with movable dogs or jaw^s. Sec Jaw Chuck. 

Face Plate Coupling. — See Flanged Couplmg. 

Facing. — A portion of a raachme elevated above tho general surface 
or area, for the attachment of another piece which has to be bolted 
thereto accurately. The amount of planmg, filmg, or chippmg neces- 
saiy to prcjduce a fit between the two parts is thereby confin^ to tho 
exact extent of surface where it is required, without reference to the 
general level of the casting. 
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racing Haclilne. — A centring machine (q.v.), which by the insertitm 
of suitable cutters is employed for the facing of bolt heads, axles, 
studs, &o. 

racing Sand. — Sand used in iron foundries to lino the faces of the moulds 
with^a protective coating, in order that the molten metal shall not, by 
combining with the ordinaiy sand, form a skin of hard rough silicate. 
Pacing sand is composed of coal dust, mixed with proportions of new 
or unused sand, and black or old sand It is rammed against the face 
of the patter.!, to the depth of about an inch 
Factor. — A single number which is multiplied into another number or 
numbers to form a product 

Factor of Safety. — When a c.ilculation of the ultimate strength (q v ) of 
a 8tructur(\ or a portion of a structure, has been made, it is necessary 
to provide lor contingencies dept iident upon inferior material, wear and 
tear, sudden and unexpectedly applied loads, &c , and this provision 
takes the form of a multiplier, and is called the factor of safety It 
will range from four to tight or ten in different classes of work. 
Sometimes tenned margin of safety See App 
Fagot. — A mass of piled iron prepared in readiness for reheating and 
welding It is cither puddled bar of imiform, or of various sections, 
or scrap , and arranged m definite grouping according to the purpose 
for which the fagot is required 

Fagoted Scrap. — The ends, cuttings, or remnants of wrought-iron bar and 
plate of the smithy and boiler shop, piled into fagots and welded under 
tho steam hammer It is tougher than ordinary bar and is used for the 
best work Sometimes called hammered scrap 
Fagoting.— (1) The la} mg of lengths of puddled bar in bundles or fagots 
for tlio purpose of reheating and rolling (2) Likewise the making up 
of a fagot (q v ) of any kind 
Fahrenheit. — See Tlicrmomctcr. 

Failure. — Materials and structures arc commonly paid to fail when tliey 
are unable to endure or accomplish tlio work for which they w'ere 
selecttHl and designed , -w hether they become crippled merely or 
undergo comjdcte fiacturc. 

Tap. — Thi.s has the same meaning as flush (q v ) 

Fairbairn Crane. — A fixed well crane w’hoso jib is arched in order to 
obtain sufficient clcaranco beneath for the hftmg of bulky loads The 
W'ctjon of the jib is that of a box gilder (q v ) 

Fairlead.~A casting which takes the fru'tion of the rope during the 
mooring of >e^‘»cls ® 

Fairlie Engine -—See Bogie Engine 

^^il^ — 'I amount of the descent of water to a mill wheel 

Falling Weight — The dead weight of a steam hammer tup, piston rod. 

and head, invspe< of momentum or of steam pressure 
Falling Weight Test - A test to whuh i-ails and bars are subjected, tho 
ibads being inijmlsne loads (q \ b produced by tho falbng of weights 
Ralls and some test bars aie subjetfed to this test 
Fall Pipe -- A dine pipe (q v ) 

False Bottom The bottom of a loam null (q v ) or mortar null, formed 
of loose plates m order to permit of their remo\al, when worn out 
without tho necessity of replacing the entire pan * 

False Core —A term apphod by brass moulders to a drawback (q v.). 

False Key.— A turaed pin driven into a hole drilled, one h^ in the end 
Of a spindle, and the other half intD a boss, by which it is embraced. 
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the centre of the pin being on the ciroxunference of the spindle or shaft. 
Sometimes it is only put in for a temporary purpose, to be removed for 
the insertion of a permanent key. Also termed a glut. 

J^iUbe Water — ^When steam is generated very rapidly m a boiler, the 
immediate effect is a rapid ri&ing of the water level in the gauge cocks, 
due to the morease in volume caused by admix tuio of steam. This 
sudden increase is termed false water 

Fan — A blowing machmc, either of rotary or centnfugiil type, and used 
for the production of f umaee blast or for ventilation (See Exhaust Fan ) 
It IS considered better that the fan should bo placed eceeiitrieally in its 
case to allow for the accumulation of an me leasing volume of air in the 
direction of the exit The disadi antago of a fan in comp.inson witli a 
blower is that it has to be driven at an excessively high, almost at a 
dangerous speed, with a great expenditure of motive power , that its 
quantity of blast is not so measurable or mvariablo as that of a 
blower , that the friction of its bearings is excessive, and that its 
working IS not so much under control as that of the blower 

Fang Bolt. — A bolt m which the nut is a triangular plate with teeth for 
bitmg mto timber, the bolt being tightened by revolving the head and 
shank Fang bolts are used for attaching ironwoik to wood. 

FAS — Free alongside ship Engages to deliver goods on the wharf 
without extra charge 

Fast Coupling — A shaft courding united in a permanent manner with 
bolts or keys, as distinguished from loose sliding couplings. 

Fastening Down — The securing of the various parts of a foundry flask 
or moulding box together with cottar or screw bolts, to prevent their 
separation by the liquid pressure of the molten metal 

Fast Feed —A quick feed (q v ) 

Fast Head — A term sometimes applied to the headstock of a lathe, as 
opposed to the movable he.id or j)oppet 

Fast Pulley — A pulley whudi is emjdoyod to transmit motion through 
the medium of a belt to a machine It is keyed upon its shaft, and is 
called fast to distinguish it from the loose pulley which is not keyuil 
on, and i^liieh simply c<irric8 the belt when the machine is not m use. 

Fathom — 0 ft or 001.ioG of a mile, and equivalent to 1 8287 metres. 
Chums and ropes are sold by the fathom 

Fats — See Oils 

Fatigue of Hatenals — Materials which have been long subjected to 
severe strammg actions, or to moderate straining actions often repeated, 
deteriorate m strength, and will then break under loads which they had 
previously sustained with safety This appears to be duo to mole- 
cular change and to the accumulation of permanent set (q v.) to such 
an amount as precludes the possibility of further elongation In oases 
where this fatigue has supervened it is customary to subject the mate- 
rial to a process of aimealmg by heating to a rod heat in a furnace. 
Crane chains are frequently treated thus, with the result of restomg 
their lost tenacity 

Faucet —The socket (q v ) of a pipe A term frecjuently applied to a 
water cock of small or moderate size. 

Feather, or Sunk Key. — A parallel key which is partly sunk into a recess 
m its shaft, so as to form an integral part of the shaft, and over which 
its wheel or clutch slides. Feathers are used when machine parts have 
to be ihmwn mto and out of gear, the wheel or clutch being driven by 
the featuer, but havmg freedom of motion longitudinally. 
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73atlieriiig Board.— See Feathering Float Paddles. 

Beatliering Float Paddles — Paddle-wheels (q.v ) provided with float 
boards free to move eccen tricall v in relation to the mam wheel, so that 
the boards shall dip into and leave the water as near as possible in«a 
verticiil direction, thus economismg jiower 

Feathering Screw — A propeller screw whose blades arc rendered movable, 
so that they can be placed parallel with the line of the keel when it is 
desirable that the vessel shall sail under canvas alone 

Feed — The amount or distance of the transverse of a lathe or other 
machine cutter taken transversely to the depth of the cut The term is 
also applied to the feed gear itself. See App. 

Feeder — (1) A h(‘ad of metal cast over a disproportionately heavy part of 
a casting, in order to supply the necessary metal to compensiite for the 
sinking ill of tlu* lioavy s(*ction, due to shrinkage Sometimes called a 
shrinking lu'ad (2) Tlio opiming made m a foundry mould for the 
in'roduetion of the feed rod 

Feeder Head - Head nu'tal The mass of mehil which has been utilised 
for feeding a mould ISee Firder, Feeding 

Feeding —As a mass of molten mettil solidifies the outside will set first, 
the inner (*oritiiiiiiiig fluid for some tune after As the inner portion 
cools it will o()iitra<‘t, and as a constHpienco shrink upon itself, leaving 
a depression on the top outsidi* face To avoid this omI it is eustoinary 
to feed the heavier portions of castings by inscTtiiig a small metal rod 
through the runner or riser, as the east* may be, and by its motion 
kt*ep a jiasstigt' open for the inflow of fresh metal to eompeusate for the 
eontrattion Feeding continutd until the m<iss bt'eoines too pasty 
to allow of the rod being movt'd any longer The feeding metal is 
eitln i supplied in small (piantities from firno to tune by a band ladle or 
by liaMiig a suffieient mass of molten metal in the liead in the fiiht place. 

Fooding Head Set' Feedt r Head 

Feeding Kod ~ The rod ustnl ftir ft'eding (q v ), usually J in or J in m 
diamt t('r, and abiut 3 or 4 ft long 

Feed Pipe - Tlie jiipt* which conveys tlic feed water from the feed pump 
U) the hoilt'r of an engine 

Fold Pump. (1) A force pump which supphes steam boilers with feed 
w'lhr (2) A force pump used for supplying gas engines with the 
TV’ * ’Ssary Hupplv of air 

Foil Rod — See Feeding Rod 

Feed Screw — Tlie screw by means of whose rot-ation through an arc of 
a eirele an exact and measurable amount of feed is imparted to the 
cutting tool (tf a madiine 

Feed Tank,— Tlie tank which contains the supply of feed water for a 
sttvini boiler 

Feed Water, — Tlie water used ft)r tlie sup]>ly of a steam boiler. Some- 
times it is used quite cold, someiimcH wunmsl in a feedwater-heater 
(q V ) In eoiideiisii.g engines it is wuimied in tlio condenser As the 
durability of the boiler depends largely iqxin the character of the feed 
wuitcr, it should bo eho‘ien, if ptissible, with reference to its softness; 
hard water promoting incrustation (q \ ) 

Feed Water-Heater. — A kind of boder m w-hich the supply water for a 
steam boiler is heated, preliminary to being taken up by the pump or 
injector. It consists usually of an arrangement of tubes enclosed in 
a cylindrical shell, the exhaust steam being employed as the heating 
agent. 
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Felt. — Used as a non-conducting* sheathing for steam boilers and engine 
cyhnders. It is of a dark brown colour, and consists of the woollen 
refuse from paper mills Felt owes its proper! y of mattmg, or ‘ ‘ felting, ’ ’ 
^ the well-known jagged character of animal hairs, as seen through 
the microscope. 

Felting. — The covering of steam pipes with felt to prevent loss of boat by 
radiation. The felt is either retained m place by coils of wire, or by 
wood lagging. 

Female. — The recessed portion of any piece of work into which a dowel 
or a stud fits is called the female portion 

Female Screw. — A screw which is cut m a hole or on a hollow surface. 

Female Oauge — An internal or bored gauge 

Fence. — A metal plate attached to a saw-bench for the guidance of the 
stuff edgeways, and the insuring of parallelism in the out Fences are 
made to stand at right angles, but arc capable of an angular adjust- 
ment, or side cant, for bevel sawing. Hence called canting-pieces. 

Fencing In. — The enclosure of machinery and revolving parts, in order to 
diminish the risk of accidents Fencing in is compulsory. Belting, 
gearing, sliafts, &o , when they are in proximity to workmen are 
fenced in 

Feme Oxide — The peroxide of iron, Fcj O3, is the condition in which 
iron occurs in the red haematites, and, combined with water, m the 
brown haematites It is also the condition in which the black band 
and clay band (q v ) ores are fed into the blast funiace, the carbonate 
and an atom of oxygen having been driven off by the process of 
calcmation 

Ferro — See Ferro-Manganese 

Ferro -Manganese. — A variety of pig-iron which contains a largo pro- 
portion of manganese It differs from spicgfdeiscn m the larger per- 
centage of manganese present, the tenn ferro -manganese being apiuied 
to those pigs containing upwards of 20 per cent of manganese. 
Usually tenned ferro, simjdy 

Ferro Pmssiate Paper — Sec Copying Paper 

Ferrous Carbonate. — The spathic iron ores, the clay and black band ores, 
which are by far the most important ores of iron reduced in smelting 
furnaces, are essentially ferrous carbonates — Fc COj, that is ferrous 
oxide, FeO, combmed with carbonic acid, CO3, thus, FeO X* C02= 
Fe CO 5 During calcmation the carbonic acid is driven off, and partial 
oxidation taking place also leaves the ore in a ferric condition. 

Ferrous Oxide — See Ferrous Carbonate 

Ferrule — A nng of hoop iron enclosing a round core print, and left in 
the mould to receive the core The reason of using a ferrule is to pre- 
vent the sand from being pushed away by the entrance of the core in 
cases where the latter is thrust m after the final closing of the mould ; 
and the foimder is therefore not able to see the interior of the mould 
afterwards m order to ascertam if the core has earned in any sand with 
its passage downwards. The ferrule prevents the core from conung 
in contact with the sand and so removes the nsk referred to. (2) Kings 
of hard wood used for holding condenser tubes m their plates. The 
ferrule fits between the outside of the tube and the hole m the plate, 
and being swelled by the action of the water renders the tubes 
water-tight. ( 3 ) Kmgs of metal enclosing and confining the wood 
around the tings of edge tools to prevent splitting 

Fettlert. — The men whose business it is to clean off the foundry castings. 
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'ihty are paid by the piece, from three to five shilling's per ton according 
as tue casting’s are heavy or light There are special rates for brass 
fettlers. 

Fettling. — (1) The dresHing-ofF of easting’s after they leave the foundry 
sand, including the chipping off of runners, joint marks, fins and scabs, 
the cleaning out of cores, and the brushing of all sand off their 
surfaces The t/sds used aro chisels and hammers, files, rods and wire 
brushes. Also callol trimming (’2) The infusible lining or coating of 
oxides of iron employed for the protection of puddling furnaces and 
purification of the iron See Bull Dog, Wheel Swarf, &,(• 

Fiore — Malleable iron whuh has been subjected to the process of rolling 
develops a fibious structure, and is stronger in the longitudinal direction 
than in the transverse, in the proportion of about tw enty-threc to seven- 
teen Yet, though a bar of wrought iron wull show a distinct fibrous 
structure if drawn out or bent slowly, it will if nicked and broken off 
sharply show a crystalline fracture, as though the fibre were only dev e- 
loped in the process of bending 

Fibrous Iron --Bar iron, whose fibrous texture results from the inter- 
mixture of laytis of cinder, and is therefore a source of w'eakness and 
a mark of intei lority 

Fiddle BrUl —See Bow Di ill 

Field’s Tubes - V<'rtical boiler tubes employed for ciiculation and heat* 
ing purposes They arc open at the top or water end, and closed at 
the lower or fire end, are suspended from the furnace crown, and 
descend into tlie fii(' which plays all around them, excepting at the end 
whence the Ht(*am and w'ater have egress Within the 'outer, nr W’ater 
tube, a second snuilli'i tube is dropped, being suspended from a conical 
casting resting in the iippi-r end of the outer tube The efficiency of 
Field’s tubes dopi’iids on the fait that a heated column of water is 
lighti'r than a colder column The heatssl w'ater rises in the outer tube, 
and the cooler winter desi ends through the inner one to supply its place 
The two waters are prev'cnted from mingling at the top by the conical 
or bell-mouthed defieetor attached to the top of the inner tube 

File — A tool for removing pai tides of metal or other material by abra- 
sion, or by the cutting of a multitude of fine x>omts Files are made m 
a vast number of sizes, and shapes, and degrees of coarseness, and are 
cut by baud or by Stind bld^t. See details undei special headings 

File Handle A shoi*t stout handle, into w huh the tang of a file is 
diivi'ii A file handle should lie laige and globular at the end or heed 
which fits into the hollow of the hand, as any other shape soon tires 
the muscles 

Filing — The art of filing is such that it eanbeaeqniied by practice alone, 
tlie difficulty eonsisting mainly in producing a flat surface, tlio tendency 
invariably being to prtKluee one of rounding contour The economic 
importance of filing in tlu> shops has beeiimuth diiuinislied by the uni- 
versal emplojmcnt of planing, shaping, and milling machines, and of 
emery w hetds 

Filing Blook — A puse of board laid upon a work bench, or held in a 
vice, upon w^hich thin portions of metal aro laid flat w’hilo being filed. 

Filinga — Thu minute partu les of metal abraded by the teeth of a file 

Filled Bail. — A pomt rail, or a stcnkrail, w hich has one or both sides 
filled up flush, to give excess of strength to comiiensato Jor the cutting 
away or tapering of the point rail, or the weakness or the stock rail 
due to the cutting out of the gap for the crossing. 
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Fillet. — A term looseJy applied to many diwrse meaningfs Hollows 
(q.v ) are often called fillets, mouldings, headings, flanges, chipping 
strips, and similar parts are designated thus In a general way it 

• applies to any thm strips used either for strength or ornament. 

Filling In. — See Box Filling. 

Fin. — Any thin wafer-like expansion of metal occurring on the side or 
edge of a larger portion. Fins occur on tho joints of castings, and of 
forgings pressed in dies. 

Final Pressure. — The pressure at which tho steam is exhausted, or dis- 
charged fiom an engine cyhnder Also called terminal pressure. 

Fine Feed. — Tho feed of a machme cutter is fine when minute in quantity. 

Fine Grain — The crystallisation of fractuied metal is fine when the 
crystals are of small ei/e 

Fine Gnt. — A grade of emery wheel, or grindstone, in which the particles 
are of small size, and suitable for the later and more delicate processes 
of abrasion 

Fine Hard. — A quality of emery wheel useful for grinding tools, and for 
hght work in general. 

Fine Metal. — Copper matt which results from the fusion of calcined 
coarse metal with slags and ores It is called blue metal when it con* 
tarns sixty to seventy per cent of copper, white metal from seventy- 
five to seventy-eight per cent., and pimple metal above seventy-eight 
per cent. See Matt, Refined Iron 

Fine Pitch. — A toothed wheel is said to be of fine pitch when tho teeth 
and teeth spaces are of small dimensions. Tho term is relative 

Finery. — A puddling furnace (q.v.) 

Fine Soft. — The finest quality of emery wheels (q v.) used for polishing 
brass work, and for sharpeiung tools 

Fine Teeth. — Tho teeth of saws, wheels, files, &c , are fine when of small 
dimensions, estimated relatively to other teeth. 

Finger. — A narrow projection used as a guide or index in various kinds 
of work, foundry or otherwise 

Finished Dimensions — Tho dimensions of a piece of work after turning, 
boring, plamng, &c , as distinguished from rough dimensions (q v ) 

Finishing Cuts. — After tho major thickness of metal has been removed 
from the surfaces of castmgs and forgings, it is usual in all but the 
roughest classes of work to take a last fine or finishmg cut with a 
scraper or spring tool 

Finishing BoUs. — See Puddlmg Rolls, Mill Rolls, Plate Mill. 

Finishing Tools. — Commonly applied to those cutting tools used by metal 
turners, whose cutting edges are broad and straight, for tho removal of 
tho ndges left upon work by the roughing tools (q v ) They include 
square and right and left hand side tools, and spring tools. 

Fir. — Sec Spruce, and Pmo Wood 

Fire Bars — The grate bars of tho furnace of an engine or other boiler. 
Single gratings would be too large and cumbrous, liencc separate bars 
are used, and replaced as they bum out. 

Fire Box. — That part of a boder which receives the fuel and the water 
tubes. It is commonly applied to the furnaces of boilers of the loco- 
motive type, and to those or vertical form. 

Fire Box Crown. — The upper plate of the furnace in a vertical or loco- 
motive boder. It is flanged, and riveted to the outer plate of the 
fire box. ^ 

Fire Box Shell. — ^The plates composing a fire box (q v ) , The shell is double 
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iti locomotive and portable boilers, comprising inner and outOT por- 
tions, the outer being of iron, the inner, which is exposed to the fire, of 
copper, and the two a*e maintained apart by means of short stays pa^ 
ing through the water space. The sides of the inner shell are ta^re# 
upwards to facilitate the disengaging of the steam from the surface, 
the water space therefore being an mch or more in width at the upper 
than at the lower portion. , , - , i. 

Fire Brick.— Fire bricks of various shapes are employed for the nennanent 
lining of cupolas, blast, reverberatory, and other furnaces Over these 
is a lining of clay, ganisber, or other highly refractory material. 

Fire Brick Arch. — A curved arch set at an angle to the tube plate of a 
locomotive fire box m order to deflect the flame before it passes mto the 
tubes See Brick Arch. 

Fire Bridge.— See Bndge . 4 

Fire Clay. -Yiro clays arc very numerous, but they consist essentially ol 
silica, filiiinina, and w.a,ter in various pioportions Tliey arc found in 
the coni measures diiefly , Stonrbndfiro, in Worcestershire, being espe- 
cially noted for its clays, and from them are manufactured bricks and 
crucibles for foundry use 

Fire Door.— ( 1 ) A furnace door ( 2 ) The door of a steam boiler through 
whicli the hiel and firing irons arc introduced. 

Fire Fluee — The fliu's of Lancashire and Cornish boilers Strictly speak- 
ing, the fiont portions of those flues which contaui the grate bars 
Fire Hardening— See Hardening 

Fire Hole. -The door of a funiaeo, or that portion of the grate immedi- 
ately within the door tlirougli wliidi the stoking is cff(‘eted 
Fire Tube Boiler. A multitubular boiler (q v ) as distinguidied from a 
water tube, or He( tional boih r 

Fire Hole King — A ring of woiight iron encircling the fire hole of a 
locoinotne or portable boiler, and solving to unite the imioi and outer 
fire boxes 

Firing. — ( 1 ) Hie application to, or the quickening of the source of heat 
in a steam boiler is tiTined firing, or “ firing up ” ( 2 ) The ignition of 

a charge' in a gas engine (.'!) A w'ooden biako is said to fire when the 
heat of fiiction produces sparks ( 4 ) A bearing is said to fire when 
it iK'comcs rod-hot (o) Oil is said to fire when it spontaneously 
ignites. 

Firing Chamber, or Lighting Chamber. — Tlic small cavity or chamber 
through whidi the (barge of a gas engine is ignited. At the moment 
of firing it IS sliiit off fiom communication with the outer air 
Firing Hole.— The door in the side of a re^ erberatory furnace through 
which the find is introduced to the grate area 
Firing Tools. — The ordimiry tools used in stoking See Hook, Rake, 
Slice 

Firmer Tools. — The ordinary short chisels and gouges of wood workers, 
80 banned 111 order to distinguish them from panng tools (q v ) 

First Motion. — A terra of general application, as first motion shafts, first 
motion belts, first motion wheel, tVe , meaning the one which first 
receives, and then communicates, pow’er to its successors 
Fish-bellied. — Girders and ribs are said to be belhed (q v ), or fish- 
bellied, when they are curved underneath, the depth of curve increas- 
ing towards the centre. . 

Fish-bellied Girder — A form of girder, whoso under side forms a droop- 
mg curve, the girder being deeper in the centre than at the ends. 
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Hfih-bellied gfirders are usually built up of wrought-iron plates and 
angles, and require no trussing. 

Tisli Bolt.— A b(Ut employed for fastening fish plates and rails together. 
Fi|h Joint, or Fished Joint, — A joint made between rails through tlio 
medium of fishplates (q.v.) 

Fish Oils — Oils used for lubrication, embracing sperm, whale, seal, cod, 
&c See Animal Oils, Oils, &c 

Fish Plate — A plate of melal covering the butt joints of boileis, rails, 
and other work. Any plate covermg a riveted jomt is called a fish 
plate 

F I. T — Free in truck. Engages to load goods in railway trucks without 
extra charge. 

Fitter, or Engine Fitter — A woiking engineer whose duties consist in the 
fitting togcthei of machine or engine parts, afk^r the preliminary stages 
of turning, planing, diilling, &e , have been accom])li8lied 
Fitter’s Bench — A stout wooden bench, to winch is nttn hed tlie vice or 
vices, and a draw^er for the reception of tools TJio bench is low 
enough to give a proper working height to the vice jaws. 

Fitting. — That section of mecljanical engineering devoted to tlie bunging 
together and adjusting of the different portions of engines, maeliines, 
&:e , after they liave left the hands of the turners and macli mists In 

a limited sense, however, the working up and finisliing of the smaller 
]>ortioii8 of metal work which cannot bo done in the maeliinos 

Fittings — Commonly applied to the csst'iitial parts or adjuncts of an 
engme, or boiler, or machine. Specially apphod to boiler fittings 
(q V ) 

Fitting Shop. — The shop in which the operations of fitting are earned on. 

It may occupy a ground floor, or an upper storey, and may be separate 
from the machine and erecting shops, or combined with these in one 
building. Its chief feature consists in the parallel vices bolted to long 
benches, ranged around the shop against the windows, each fitter 
havmg a distinct vice, and separate drawer in whu h are kept his files 
and necessary small tools Each fitter has usually a small surface plato 
against his vice, and m addition there are large jilates in vaiious parts 
of the shop These, and a few light wall cranes, and one or morelight 
overhead travellers, nearly complete the equipment of a fitting shop. 

Fix. — The fetthng (q.v ) of a furnace 

Fixed Centre — A centre whose position is loeabsed in space, in opposi- 
tion to a movable centre (q v.). 

Fixed Crane. — A crane set down for use only in one place, in opposition to 
portable cranes, or those wlueh are constructed to travel 

Fixed Cutters — Plane iron cutters of great width set in a box, or shoo, 
and used for facing, planing, and match boarding. Tho cutbTs are 
fixed m the bod of a machine, and the stuff is pushed over them at a 
rate of about one hundred feet per minute. 

Fixed Eccentno. — An eccentric sheave fixed upon its shaft, tho move- 
ment for forward or backward gear being given through the link work. 
Fixed eccentrics have mostly superseded the old adjustable ecocntrio 
.(q*v ) 

Fixed Expansion — That expansion which is constant, being due only to 
lap on the valve. 

Fixed Head. — The head or tool box of a shaping machine, which is 
attached to|lhe ram, and has motion only m the direction of its stroke. 
Fixed OUe.--See Oils. 
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Fixed Fulley. — A pulley (q.v ) whose axis is fixed iu space, the pulley 
revolving thereon. 

Flame Box. — Sometimes appbed to that portion of the shell of a steam 
boiler which contains the smoke or flame tubes. 

Flame Furnace — A reverberatory furnace (q v ) 

Flame Flatei — The top or crown plates of a boiler flue, or fire box 
These being exposed to the action of the flame are usually of Low Moor 
(q.v ) or Bo\\ling {i\ v ) iron 
Flanch — See flange 

Flange - A iib, or offset on a < astn.g, us« d eitbi i foi the puiqio^ie of im- 
parting steadiness of base, oi of pn»\iding for bolt attadinients tluough 
holes cast or drilled tlieieiii Cast-iron flangt>s an also bolted, rnetel, 
or screwed to Htriictuie« of wiought non Occasionally spelt flanch. 
Flanged Bend — A bend pipe funnslied with a flange at eath end 
Flanged Chuck.- A faie plate ((| \ ). 

Flanged Coupling — Tlie oidin.'ny shaft coupling in ’wIhlIi the abutting 
shafts aie keyed into the bosstd portion of each half coupling, and bolts 
passing through tho flanges maintain tlu t\\o halves m position. Also 
called face-plate couiihng 
Flanged Beam — A rolled la^arn See Joists 
Flanged Girder -A fl.niged beam ((j v ) 

Flanged Joint -Sis* FLangcsl Seam 

Flanged Nut - A nut having a liroad fl.iiige turned sohd with its Uittom 
face It IS list'd instead of employing a separate waslior, its purpose 
being tlu* (oveiing over of hohs of huge diamett r. 

Flanged Pipe — A sttam nr watei pip(‘, whu h is piovidtxl with flanges at 
tho ends as a meins ot atfaehment to otlur pipes or conncttions In 
cast-iron pipes the flanges are a p.irt of the easting In wrought-iron 
pipes they an* 80])aiatc' castings Krewc'd over the pipe ends upon their 
outside diainclei s 

Flanged Seam — A scam usimI m furnace tubes, by wdiiLh tho tubes arc 
matmallj strength ('Tied, and compensation made for their endlong ex- 
pansion It may consist of a ring of y -iron riveted to the tul>e plates 
on each side Or it may be form(*d by the riveting of a ring, arched or 
coiTugated, vvitli a siiigh'coirugationin the seetion , the flue tubes being 
attached to iiaiTow borders oi flanges s]:>reading out from the base of 
the arch Or it mav he an Adamson’s flanged seam, in which the ends 
of tlie flue tubes are curv ed or dished outwards, and riveted together 
through an intennc*diate ring The first fonn allows of no endlong ex- 
pansion The hist two permit of free expansion longitudinally 
Flanged Socket - A very short pipe, having a flange at one end and a 
socket at tlu other 

Flanged Spigot — \ very short pipe, having a flange at one end and a 
spigot at the other 

FliJiged Wheel — A truck or trolly wheel, having a flange or flanges at 
the edges to keep it on tlio rails It may eitlier have one flange, being 
then a single-flanged wheel, or two flanges, or a double-flanged wheel 
Flange Bail — A flat-bottomed or flat rail, as distinguished from a double- 
headed rail. 

Flange Washer — See India-rubber Washer 

Flanging — The bending over of the edges of wrought-iron and steel 
plates to form narrow flanges for the piirpose of attachment to other 
plates, either bj riveting or by welding. Ilanging is mo^y done hot, 
and tho edge is beaten over* by wooden mallets or irem hammers, or 
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"wlicre a quantity of similar work has to be acconlpll‘^hed, in dies, 
screwed down or squeezed togpother under a forging press. Plunging is 
boiler-makers’ work 

Hachine -A maclime used for bending over the flanged por- 
tions of boilers and other built-up structures m rought iron and steel. 
These machines are actuated by steam power, or by 1 ly dr. lulic pressure, 
and the laborious operation of 'flanging bj hand n saved by their em- 
ployment 

Flanks ~ (1) Tliesuh'^of wheil teith hiiig below tlu‘j)itih line (2) The 
side^^ of an arch 

Flap Valve — A lunged i ahe, « m nlar oi intangnliir in outline, and 
uMualh mu(h‘ of IcatluT, ^{iflened with mm or bi a'^s plates meted in 
each fa( (‘ h1ap \ 'il\es aie iisod in <udnmi\ lilting pumps, both in the 
j)istoTi and at tin* smtion i nd of the hari» I Tin* disc \al\e (q v ) ot 
an nil pump mav he (onsideied a flap \al\c* hingO'il nt the centre and 
lifting around tin* < iiuiinltieiu i* 

Flash Flue.— Tile ilm* iindemcath an ig'g-tnd, or Miuihir eyteiiuilly 
tiled hoih i 

Flashing Point — The (onstant tempei.ituie at which an oil or fat bursts 
ti>rth into flame A good oil Bhoultl not flash below or COO"^ F 
Sftine oils flash below *200' F. 

Flask, or Moulding Box. —The frame em losing the founder's wmrk The 
box r(*(ei\t*s tin* sand in whnh the pattern is lammcd up, and fiom 
which it X.S withdriwn, leaving the mould ready foi the inflow of metal 
Flasks aio partc'd into two oi more horizontal sections to enable the 
moulder not unU to withdraw the p'itt(*rn, but to clean and black the 
laces of the mould d hey arc ln*ld togethci temportiiily while the 
metal is being janired, by pins passing tin ough lug's east upon their 
sides, and the* various parts aie secured by lieavy weights or by 
Lottared bolts Sec Fastening Dowti, and Wc'ighting Down 
Flat Ear Iron — Wrouglit iron ot rettangulor cross section. Its scctuns 
rang'cfroin 1 in X ] m upwards 
Flat Bit Tongs.— Smith’s tongs whose jaws are flat and parallel 
Flat-bottomed Bail —A lailway rail whos^* base is spread out into n 
broad flat flange of from .> in b> )\ in wide*, to bo spiked directly to 
the slocpeis, or to he w«dg«d into cliaiis \Vhen the lail is solid 
thioughout it IS teiincd a Vignoks rail , when it is arehed like a budge 
and hollow undeineath it is termed a bridge lail 
Flat File. — A file of reetangulai S(*c*tion whose width is greater than its 
thickness It is either a tapeicd or a parallel fib* 

Flat Gouge One whnh has the least amount of curvature given to 
gouges, the amount of curvature varying, however, with the width 
See Middle Flat Gouge, Quick Gouge 
Flat Iron. — See Flat Bar Iron 

Flat Bammer. — A flat-ended iron tool used m foundries for ramming 
over large surfaces of sand It is furnished with a stout liandle of 
three or four feet in length, and the workman, holding this in front 
of him, with both hands gives repeated blows dowmwards upon the 
sand bed, finishing the surface therewitln 
Flat Bope. — See W'lre Rope 
Flats.— Flat Bar Iron (q v ) 

Flat Sweep. — A flat sweep or curve signifies one which is relatively of 
less curvat.u*e than others with which it may be compared. 

Flatter. — ipecies of hammer used by snuths. It is like a set hammer 



DICTIONARY OF TERMS USED IN 


M4 

(q.T.) but broader on tbe face. It is held by a handle upon the work 
and struck with the sledge. Its use is to finish over broad surfaces 
which have been brou^^ht to size b^r the sledge and set hammer. 

Tlaw. — A crack or incipient fracture in a casting or forging. Flaws are 
often difficult to detect by inspection alone, but their presence 
usually found by ringing with a hammer, as sound metal always has a 
sonorous nng. 

Flax. — Used for steam packing (q v ). 

Fleih Side. — The rough side of a leather belt. 

Flexible Ball Coupling — See Flexible Coupling. 

Flexible Coupling.- -The fiexiblo ball couplmg consists of two discs 
attached to the shaft ends, and hollowed on thtir faces to embrace a 
ball placed boween the two. Projecting jaws on the faces of each 
couplmg also fit loosely into corresponding recesses on the opposite disc 
face and drive the shafts. The coupling faces are retained in contact 
by means of screw bolts passing loosely through them, and rendered 
flexible endways by elastic washers under their nuts. The coupling 
with its shafts is therefore perfectly free to turn through moderate 
angles around the ball as an axis 

Flexible Crank Shaft. — A crank shaft in which the strains due to the 
rigidity of an unyielding mass compelleii to revolve under conditions 
of strain duo to the want of alignment of its bearings, are reduced and 
minimised by the introduction of flexible joints in its length The 
joints consist of a modification of the flexible ball coupling, but a bush 
and ring plate, convex and concave, are introduced insU^ad into the 
crank web, and so form a flexible pivot or centre around which the 
straight shafts may rotate through a small angle. 

Flexible Hose. — Pipmg made either of india-rublier or leather, and used 
for the conveyance of liquids where metal pipes would be unsuitable by 
reason of their ngidity. 

Flexure.— See Bending 

Flitch. — A plate of metal or of wood bolted to an otherwise weak and 
unstayod beam or structure in order to strengthen and support it. 

Flitch jBeam — A combination beam in which outer timbers enclose a 
central joist of rolled iron, screw bolts passing through the whole to 
bolt the members together. 

Flitch Plate — A broad thiiyilate or rolled bar used in building up flitch 
beams and plated w'ork. Tlie width may range from 6 to 24 inches. 

Float — A buoy w'hich is used to indicate the lieight of the w’ater, eitlier in 
tanks or boilers. In ordinary cold-water tanks it consists of a disc, or 
block of light wood, attachea by a piece of jack chain, running over a 
pulley, to an indicator set in a convenient position for obsen ation In 
steam boilers it is made c f some heavier substance, as stone or iron, 
which is uiuiftcH'ted by the liquid, and which is rendered buoyant by 
the attachment of a counterjxiise on the outside, tlio counterpoise being 
BO proportioned in reference to the specific gravity of the float as to 
render it as susceptible to the variations m water level as a float of 
wood. 

Float Boards. — (1) The rectangular boards attached to the arms of a 
paddle wheel (q.v.). (2) Tlie boards which receive the impulse of the 

water in an undeushot wheel (q v.J. 

Float Out. — This signifies a file having single lines of cutting teeth only, 
08 distinguished fh>m double-cut fil^ or those with eroding rows of 
teeth. * 
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Floftt Oauge.'—A water gauge, where the height of water in a steam 
boiler is registered by means of a float (q.v.). ^ , 

noating. — ^When the l^ver of a weigh*bndge or of a testing maohme is 

^ equal balanoe it is said to be floating. 

noating Berriok. — derrick crane placed on board a floating hull for 
tnmsmrring goods to and from vessels, independently of proper wharf 
and dock accommodation. 

gloating ifill Wheel. — A water wheel, having its bearings in a boat 
moored in the stream of a rapidly flowing river, which turns the wheel 
and performs work for which it is suitable. 

Flogging Chisel. — A chippmg chisel of large size, which is sjxuok with 
a light sledge, one man holding the chisel while another strikes. It is 
a tool which is now seldom used. 

Floor. — ^Tho sand bed of a foundry is termed the floor, and the work is 
said to lie on the floor, the men kneel on the floor, patterns are bedded 
in the floor. See. 

Floor Plates. — Footplates 

Floor Best. — In large pattern-makers’ lathes, used for wheels and similar 
work of large diameter, a rest is provided, which is carried on a heavy 
standard, resting upon the floor The pattern-maker then has more 
control over the work tlian with the ordinary bed rest. 

Flour of Snlphnr. — Used frequently mixed with sal ammoniac and iron 
borings, for the makmg of rust joints. Its presence in large quantities 
makes the cement more slowly setting. 

Flow Oats. — A term sometimes apphed to a riser (q v ). 

Flowing Xetals. — Metals of the auetdo class which yield to, and change 
their form, under impact, or tensile or compressive strain. Wrought 
iron, mild steel, lead, copper are the flowing metals regarded from the 
point of view of an engineer. 

Fine. — The flues of boilers aio those parts which carry off the smoke 
and waste gases, and produce the draught necessary for combustion. 
Cornish boilers have one, Lancashire boilers two internal flues ; besides 
which they are embedded in brickwork, through which external flues 
are constructed to produce ^%hat is called a spht draught (q.v.), the 
draught being capable of regulation by means of dampers. fSee also 
Wheel Draught ) The copper tubes of a locomotive, or portable boiler, 
and the short stack answer to the flues of ordinary boilers, while tha 
action of the blast pipe compensates for the shortness of the tubes. 

Flue Bridge. — A bndgo of brick enclosmg a hollow frame of oast iron, 
which passes transversely across a reverberatory furnace between the 
hearth and the stack. 

Flue Plates — The ends of a horizontal boiler to which the flues are 
fastened, or the fire-box crowns (q v ) of vertical boilers. 

Flue Surface. — The area of the flues of a boiler, as distinguished from 
the grate surface ; being exposed to the action of hot gases, though 
not to actual flame. 

Flue Tube. — A furnace tube (q v,). 

Fluffy ^IKmber is said to be fluffy when the sawdust is stringy, and 
moist or greasy instead of grmular and sharp 

Fluid. — A body or substance which yields to any pressure imposed npon 
it from without, and therefore cannot sustain a longitudinal pressure 
in any direction without receiving correspondmg lateral support. In 
fluids at re||t the pressure is therefore equal in all directions. Fluids 
are either liquids or gases. 
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WWM> CSmpreiied Steel.— See Compressed Steel 
llkidity. — ^The various brands of iron possesses dilierent degrees MS 

fluidity when melted. No. 1 Scotch is the most fluid of all, ojiAM 
therefore used for thm, finely marked and ornamental work. It is aHo 
mixed with stronger brands to increase their flowing prcmerties. 
White iron runs thick and pasty. Metal can be rendered less fluid, as 
is sometimes desirable, by allowmg it to cool in the ladle previous to 
casting. As a general rule the metal is run hot and fluid for thin cast- 
ings, cool and thick for heavy ones 

1*11111 Pressure. — Pressure is transmitted by fluids in aU directions alike ; 
the transmitted pressure is equal m all directions, and it is directly 
proportional to the area of the surfaces 
Plume. — channel conducting the water to a water wheel. 

Pluor Spar,— A compoimd of fluonne and calcium, used m some metal- 
lurgical operations as a flux. Its fluorine combines with sihcon, form- 
ing fluoride of silicon, while the calcium enters into combination with 
oxygen to form lime, which agam combines with silica to form a 
silicate of lime, and is then able to form a flux with the clay and oxide 
of iron present in the furnace 

Flush. — ^Parts are said to be flush or fair when their surfaces are on the 
same level. 

Flush Bolt — A holt whose head is let into a countersunk hole so that 
its top face stands level with the lace of the plate mto which it is sunk. 
Flushing Charge — A charge of air or water swept through the com- 
bustion chambers of gas engines to remove the residual gases or products 
of combustion. Sometimes a displacer piston is employed instead 
Flush Topped. — A term applied to the firebox casmg of a locomotive 
boiler when it forms a continuous Ime with the boiler casing instead of 
being shouldered upward. 

Fluted Eeamer.— A reamer fluted longitudinally, to cut at its sides, to dis- 
tinguish it from a rose reamer or broach (q v j 
Flutes. — Grooves, semicircular m section, which are oast in ornamental 
columns. 

Flux — The substance thrown into a smeltmg or a melting furnace for 
the purpose of combining with those infusible and other matters which 
require to bo separated tiom the metal, and which alone co^d not be 
rendered fluid at the temperature of furnaces. The flux most widely 
used is limestone in some one of its forms, though with some highly 
calcareous ores a clayey flux is added. 

Fly.— (1) The loaded lever which actuates the screw of a fly press. (2) 
Cast iron is said to fly when it breaks through unequal contraction due 
10 bad proportioning, producing internal stresses, or to the effects of 
cold or of heat acting upon it, or to both in oombmation. 

Fly Cutter*.— Cutters set in a cutter block or chuck held in a lathe or in 
a facing and chamfering machine, and used for shaping the ends of 
metal rods presented thereto. The cutting edges are set in a diagonal 
direction, slopmg towards the centre. aSo apphed in general to any 
revolving cutters which are used for shaping definite sections, as those of 
wheel teeth, beads, and other irregular forms whose sections are uniform. 
Fly Hut. — ^e Wing Nut. 

Fly Pre**.— A punching machine employed generallv for stamping out 
any thin works in metal, and for punching and gulleting out saw teeth. 
The punch is actuated by a vertical screw and lever, tiirflever being 
weighted with heavy balls to impart due momentum, ^ 
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Wif A heavy whed nsed ixk ikiac^ery where reoiprooal metltfak 

Is convicted into motion of a oironlar kind. The fly wheel, by abaorb* 

^ihg some of the vts tnva of the machine, carries the disc or cnuik over 
dead centres, and also maintains uniformity of motion by alternately 
absorbing and giving out work. Fly wheels are used with engines, 
pumps, reciprocating or frame saws, jigger saws, &o. 

Foam Cock.~A scum cock (q v.). 

Foam Collector.— A scum trough (q.v ). 

Foaming — ^Primmg(qv.) 

F.O.B. — Free on board. An engagement to deliver goods on board ship 
without extra charge. 

Poci. — The centres from which the end curves of elliptical figures are 
struck. They are set in the tranperse axis (q v ). 

Follower — A wheel which is driven by another wheel. See Driver, 
Driven 

Following Edge. — That edge of the blade of a screw propeller which 
leaves the water behind it, as distinguished from the leading edge 

Following Joints. — The rings of -which cylindrical boilers are built, being 
lap join ted, fit one within the other. Instead, therefore, of being 
parallel cylinders, they are necessarily frustra of cones, and as the 
joints all lap m one direction, they are termed following lomts 

Following Steady. — A steady (q v ) which is attached to the back of the 
side rest of a lathe, and -which embraces the work behind or after the 
tool and follows it along with the rest See Back Steady Rest 

Foot. — (1) A base or flange which sustains a casting or structure. (2) A 
common standard of measurement. 

Foot Board.— See Treadle. 

Foot Brake. — A brake which is applied or released by means of a lever 
actuated by the pressure of the foot 

Foot Bridge. — An arched bridge which carries a footstep bearing. 

Foot Drill. — A light dnllmg machme driven by a treadle (q.v.) 

Foot Lathe. — A hght lathe of from three to six inch centres, driven from 
a treadle and crank actuated by the foot Foot lathes are seldom 
employed m engineers’ shops, and then only for special classes of work, 
models, &c. 

Foot Lever. — A lever worked by the pressure of the foot alone. Foot 
levers, as a rule, are provided with a balance or counterweight to throw 
back the lever automatically when the pressure of the foot is -with- 
drawn, and the part on w^h the foot presses is flattened out and 
rough^ up to prevent sbppmg 

Foot Pound — A umt of work used in calculations, signifying one pound 
lifted one foot high. See Units. 

Foot Stop, or Footstep Bearing. — A bearmg closed at its bottom end, 
to sustam the end thrust of a vertical shaft or spindle. It is, ^erefoi^, 
a bearing socket, called also a step, and toe step Footstep bearings are 
sometimes made adjustable by pmding the beiring in the centre of a 
ring casting provided with a bridge carrying a set-screw below and 
four set-screws around the ring. By slackening and tightening the 
set-screws, the bearmg is adjust^ both sideways and vertically. 
Footstep Bearing.— See Footst^. 

W90t Ton. — unit used in calculation, signifying one ton lifted one foot 
high. See Units. 

fppt Valve. — ^Thp lo^^most valve in a pnmp. 
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y m rail. Signifies the placing of gpods on the railway with 
out esctza charge. 

#.0*T.-^Fw}e on truck. The same as F.I.T. (q.v.). 

Korce.— The power or cause which impresses or tends to impress motion 
on matter. 

7oreed Draught. — Forced draught is used on steamers, with or without the 
employment of the closed stokehold (q v ). The latter, however, permits 
of a better and equable regulation of the forced draught, wliich is then 
compelled to pass into the furnaces. The draught is fed by a fan or 
fans, and the pressure is equal to about 1 J in. of water. The advantage 
of the adoption of forced draught is that large ventilating pipes on 
deck can be reduced greatly in size, and the supply of air be rendered 
nearly uniform under all conditions of weather and wind. 

Force de Cheval — See Cheval Vapeur. 

Force, Moment of — The moment of a force is the product of the force 
into the perpendicular distance of its direction from a given pomt. The 
moment represents its effect or leverage on a body moving about the 
given point. 

Force Pump — A pump in which the water is lifted by the force due 
to ntmospheno pressure actmg against a vacuum, but m which it is 
expelled again by a plunger ram instead of by a bucket. The back- 
ward motion or withdrawal of the plunger m its cylinder produces a 
vacuum into which the water rushes , then, by the forward motion of 
the plun^r, the aperture through which the water entered is closed by 
a foot vfiuvo (q.v ), and tho water is forced out through an upper or 
delivery valve. Also termed a plunger pump. 

Fore Carmge — Tlie framing or bogie which cames the two front wheels 
of a portable engine 

Fore Gear Eccentric —See Forward Eccentric 

Forehearth — That portion of the hearth of a blast fumaco which lies to 
the front of tho hearth proper, beneath the tymp arch and behind the 
dam plate. 

Foreman — The individual who has charge of a department of work In 
engineering factories there are foremen of pattern-makers, moulders, 
fitters, turners, erectors, smiths, boiler-makers, carpenters, and la- 
bourers. A working foreman is one who divides his time between 
Biiporvision and manual labour, and is therefore little more than a 
leading hand. Foremen are always recruited from the ranks. 

Fora Plane — A plane mtermediate in size between a jack and a smoothing 
plane. 

Fore Plate — A plate extending in front of the bottom roughing and 
finishing rolls used in puddling, to receive the shingled bloom from the 
bogie on which it is brought to the rolls 

Forge — (1) The structure upon which a smith’s fire is built, consisting, 
of hearth, tuyere, chimney, bonnet, water and coal troughs. Foi^eo 
are either fix^ or portable, and are either made wholly of iron, or of 
iron and bnck combmed. (2) Also apphed to the miD where ie rolling 
of puddling bar is earned on 

Forgeability. — The capacity of a metal for being drawn down and 
worked into a definite shape on the anvil. See Red Short, Cold Short. 

Forge Crane. — Similar m type to a foundry crane (q.v ). 

Forged Scrap. — The odds and ends of wrought-iron scrap in a smithy 
are commonly reheated and balled up under the steam fiammer into 
slabs for use. Thia is coonomioal not only because of t^ savuig in 
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material and the superior quaUtf of the scrap ovcv new bars, but also 
because the men axe able to make it a stock job during times of tempo* 
rary slackness of orders. 

forged Work. — ^Work in wrought or midleable iron, as distinguished 
from founder’s or cast work. 

Forge Fire.— y) A smith’s fire. (2) A puddling furnace (q.v.). 

Forge Pigs. — Figs of iron most suitable for puddling puiposeSf consisting 
of the white irons in which the carbon is entirely in the combined 
condition. 

Forge Rolls. — The train of rolls by which slabs and blooms are converted 
into puddled bars. 

Forge Scale. — The flakes of black oxide of iron which form rapidly on 
miUeable iron exposed at a red heat to the Jiction of tlie air. it is 
called forged scale because it accumulates at the smith’s forge, being 
struck oft‘ on the anvil. ^ 

Forge Test — A bendmg test applied to plates of wrought iron and steel. 
The plates are bent both hot and cold, and also with and across the 
gram ; and the angles to which they are to be bent in each case with- 
out fracture are mentioned m the specification relating thereto. Plates 
of Lowmoor and Bowling iron are often excepted from forgo tests, their 
brands being sufficient guarantee of their quahty. A good boiler plato 
of any thiclmess should bend hot with the grain to an angle of 125° 
without fracture, and across the grain to an angle of 100°. If bent 
cold, a J in. plate should bend to 35° with the gram, and 16° across 

Forge Tram. — The senes of puddle rolls employed for rolhng out shingled 
bloom after it leaves the steam hammer. The rolls are grooved in 
diminishing senes, and their action is reversed when two roUs only are 
employed, or the driving power is in one direction, when three high 
rolls are used. Termed puddhng-roUs, as distinguished from mill- 
rolls (q.v ). 

Forging. — (1) The art of making forged, or smith’s work. (2) The work 
produced by the smith. 

Forging Machine — A machine in which an upper row of stamps, ham- 
mers, or dies is actuated by eccentrics upon a single power-driven 
shaft. Fixed dies are set below, correspondmg with those on the 
upper row, and between those work is s waged into shape. The 
dies and stamps oan be changed at pleasure. I^metimes call^ a bolt 
machine. 

Forging Preii — (See Hydraulic Forging Press J The advantages of a 
forgmg-press over a steam hammer are, that oeing lower it permits of 
the use of overhead travelling cranes, is less likely to break down, its 
action being quiet, and is therefore less expensively kept in working 
order. 

Fork — See Strap Fork. 

Fork Chuck. — Se© Prong Chuck. 

Forked Connectmg-Eod —A connecting-rod having a forked end (q.v.), 
so that the cross head is enclosed by it, instead of being itself enoloM^, 
as in the solid-ended form. 

forked End. — The end of a lever, or of a connecting-rod, is forked when 
it bifurcates or divides into arms, in order to receive the end of another 
lever or rod within its bifurcation, the two being connected with a 
joint pin (q.v.b 

Forked Itnn. — ^The cleft end of a pump-rod, which embraces the end of 
a woodezrrod or spear. 
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FcmatiollIidTel. — ^The level of the tops of the embasWenis and bottomi 
of the cuttings of a railway upon which the ballast is laid. 

Former, or Copy. — ^The templet used for the cutting of wheel teeth, and 
other works in copying machines. 

Foimula. — An arithmetical or algebraical assemblage of figures, lettersf 
sims, and symbols, arranged in a conventional manner, by means of 
which, processes of calculation are obvious by simple mspection without 
verbal explanation. 

Forward Eccentric — The eccentric which opens the slide valve to steam 
when the engine is to run forward. Sometimes called fore-gear 
eccentric. 

Forward Gear — An engine is said to be in forward gear when the eccen- 
trics, slot links, and levers 'ire arranged for the running forward of the 
engine. 

Foulmg. — ^1) The incrustation of steam boilers, and steam and water- 
pipes with scale (2) Tlie interference of machme or structural parts 
pfenerally with each other, hindering their action , bemg due to eiTors 
in design or in construction 

Foundation Bolts. — Bolts employed for holding or screwing down base 
plates, beds, steps, machines, cranes, engines, pumps, and similar work 
to the foundations in which they are to be held Also termed hold-down 
bolts 

Foundation Cylinder. — (1) The foundations of fixed cranes (q.v ) are often 
laid in concrete, whore the natural soil is not sufficiently roexy to sus- 
tain the upward pull The concrete is sometimes enclosed in a cylmder 
of oast iron sunk m the ground, and termed a foundation cylinder (2) 
Foundation cylinders are used for sinkmg into the beds of nvers for the 
support of bridge piers. They arc made in cast iron, havmg internal 
flanges for bolting together Their length is about equal to their dia- 
meters, which may measure foui , six, or eight feet. 

Foundation Bing — A found.ation cylmder (q.v.). 

Fonndationi — See Machine Foundations. 

Founding. — See Moulding 

Foundry. — The shed or workshop in which the operations of moulding and 
casting are earned on. It is usually confined to a ground floor covered 
to a depth of about two feet with sand, and furnished with cranes, 
boxes, sand bins, the necessary tools, drying stoves, and cupolas , 
the latter being without the building, but having their tap holes ojien- 
mg within the wall. Brass foundries are smaller, and their appli- 
ances are lighter in character, and the furnaces are within the buud- 
mg. 

Foundry Crane — A or me employed in foundries for lifting about mould- 
ing boxes, ladles of metal, cores, &c The framework is of timber or 
wrought iron. Tlie 31b stands horizontally, and carries a block carriage, 
the post makes a right angle with the jib, and takes the gearing whose 
shafts revolve in cast-iron cheeks bolted thereto, and the thrust beam 
makes an angle of about 45° with the post and 31b. Large foundry 
cranes are centred at top and bottom in shoes or steps in which they 
also swivel, and stand in the centre of the shop. Small cranes are 
attached to the foundry walls For the lightest class of work small 
cranes are made without footsteps, being simply hinged to the wall in 
order to leave the floor space clear for work. In large foundries, over- 
head traveUing cranes are superseding the old flxed cranes. 

Foundry ladle.— See Ladle. 
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fcmndry Mould. — See Mould, Moulding^, and details under their head* 
ings. 

Foundry Fig. — ^Foundry pigs are those suitable only for making castings, 
being grey or mottled, as distinguished from forge pig (q.v.). 

f onn^ Fit . — E large and deep pit sunk in a foupdry floor, and lined 
with cast-iron plai^, or bricks. Used for the reception of moulds 
which have to be plac^ on end for the purpose of sound casting. Foun- 
dry pits are either sand pits, or open pits. Open pits are simply 
circular flat-bottomed excavations in the foundry floor for the recep- 
tion of moulds which require no support, beyond that afforded by the 
flasks ; and which, havmg no sand rammed around them, are called 
open. They are used merely for the convenience of keeping the pour- 
ing gate low enough down to receive the molten metal poured from the 
crane. The walls of pits are built of stone, brick, or iron. Sand pits 
are so termed because the mould is of so weak a character as to require 
the support of sand rammed around in the space between it and the 
walls of the pit All pits must be quite dry. 

Foundry Sand — The material into which molten metal is run in order to 
impart the definite outlmes required in castings. Sand is used in pre- 
ference to other substances because its refr^tory nature resists the 
destructive influence of metal at high temperatures, because its porosity 
permits of the free escape of the gases generated in casting, and because 
of its compact and adhesive nature by virtue of which it can not 
only be moulded into any shape, but is also able to resist great h<juid 
pressure. Hie more silica present in the sand, the neater its suitability 
tor foundry purposes ; alumina and magnesia should also be present in 
small quantity. The sands employed in mouldmg are those from the 
coal measures and the new red sandstone, also from the ^eensand and 
chalk. The sands are named according to the localities in which they 
are found, as London, Belfast, Falkirk, Worcester, Cheshire ; or red 
yellow, green, according to their colours. Foundry sand is always 
rammed damp, though sometimes dried, before the pouring of the metal. 
See also Green Sand, Dry Sand, Core Sand, Coal Dust, Facing Sand, 
Farting Sand, Silica, &o. 

Foundry Stove — See Drying Stove 

Fonr-Cntter Machine — -Maohmes for planing wood, having four sets of 
cutters, one top, one bottom, and one on each side, for planing all 
four faces of the stuff fit once. 

Four-Cylinder Engines. — Compound engines in which two cylinders are 
high and two low pressure. 

Four-Way Cock — A cock havmg four branches 

Foxey — ^Timber is said to be foxey when there is an excessive proportion 
of green sapwood present m it 

Fraction — ^A part of anything, A vulgar fraction is represented by two 
numbers, one placed over the other, the one above the line being tile 
numerator, the one below the denonunator. A proper fraction ia one 
whose numerator is less than its denominator, an improper fraction one 
whose numerator is greater than its denominator. A mixed number con • 
tains integer and fraction combined. A decimal fraction is one whose 
denominator is done away with, a dot, the decimal point, being placed 
before the numerator, and placing a figure to the right of the dot makes 
the fraction a tenth of what it was bmore. Hie denominator is always, 
tiierefcre, 10, 100, 1^00, or some other power of ten. 

Fraetieaal Fitehes* — ^The pitches of screw threads which are not aliquot 
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paHs of tte incli, and therefore not directly divisiWe by, or into, th« 
pitch of the leading screw in the length of one inch. To obtain the 


change wheels for cutting these screws it is neces^nr to multiply the 
integer and the number which r^resents the pitch of the leading 
screw by the denominator of the faction, thus ; Supposing it were 


required to cut a screw of 6 J threads per inch with a leading screw of 4 

threads to the inch, we have -4 X 4 r= H and deduce the change 

25 


wheels (q.v.) then in the ordinary way , as, for instance, by factors 

and thence get wheels m an ordinary train 
25 6 X 5 60 X 50’ ^ ^ 

which arc not equals and these will cut the fractional pitch. 

^ 60 X ^5’ ^ 

Frame Saw. — See Bow Saw, Beal Frame. 

Framing. — The skeleton of a locomotive which sustains the boiler, 
machmeiy, and axles. It is a plate framing, when plates of sheet iron 
are used in its construction, a bar frammg when iron bars are employed. 
The latter type is seldom used in England, but it is the American practice. 

Free Burning Coal. — Non -caking or but slightly caking coals. Anthra- 
cite is difficult to bum, but the anthracitic and the semi -bituminous 
coals bum easily. 

Free End. — In a cantilever the end which is not fixed is always desig- 
nated the free end. 

Free Piston Gas Engine. — A form of gas engine in which tlie piston is 
driven in an upward direction by an explosion of gas and air in a 
closed cyhnder below As the pressure of the gas diminishes with its 
increase of volume, the piston descends by the weight of the atmo- 
sphere pressing upon it. This is known as Otto and Langen’s patent, 
but has mostly fallen into disuse. 

Free Sand. — Sand used in the making of foundry cores or moulds. Being 
free or open, it permits of the escape of the gases, and requires little 
venting. 

Freesing Point. — The temperature at which water passes into the solid 
state. It IS determmed by placing a thermometer m a vessel con- 
taining pounded ice or snow well moistened with water. The latent 
heat (q.v ) of the mixture prevents alteration of the temperature until 
the ice is all melted, or the water all frozen. It corresponds with 
32** F. or 0° C. 

French Curves. — Curves or sweeps cut in thin pear wood. They are 
radial, but of varying sweeps, blendmg togetner, and are used for 
laying on drawings m order to obtain curves which will present a 
graceiul appearance without the .trouble of drawing them by hand. 
Ihey are made in useful sets of a dozen each. 

French Horse-Power.— See Cheval Vapeur. 

Fretting. — The abrasion of the edge of a cutting tool in the process of 
sharpen!^ on an oil-stone. 

Friction. — The resistance to motion which is set up when two rough 
surfaces are moved one over the other. The amount of friction is inde- 
pendent both of the rate of motion of a body and of ^e extent of 
surfaces in contact. 

Frictional Gearing.— See Friction Gearing. 

Frictional Besistanoe. — ^In a gfeneral sense, the resistance of surfaces due 
to friction. Specially applied to the resistance to slipping of riveted 
jrints by the contraction of the rivets. 
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Srietiom BlMk. — brake blo^ (q-yO or any block of wood, tbe frictional 
resistance of whose surface is utilis^ in the arresting of motion. 

Friction Brake. — See Dynamometer, Brake. 

Fciotion Clutch. — friction coupling (q.v ). 

Friction, Co-efficient of. — This sig^esthe ratio between the perpendicular 
pressure, or the load, and the motion existing between surfaces in con- 
tact. Thus the friction divided by the load gives the co -efficient, and 
from the co-efficient multiphed by the load the friction can be deduced. 
The co- efficient may be expressed in lbs per ton necessary to move 
a load, or as a vulgar fraction. But it la customaiy to employ 
decimal numbers. The co-efficient of friction is denoted by the Greet 
letter g. 

Friction Coupling. — Consists essentially of discs or rings of wood, or metal, 
or both combined, whose surfaces are brought into close contact by 
screw pressure. The commonest existing forms are bevelled , that is, 
they form frustra of cones fitting one to the other , sometimes also an 
internal split metallic ring is pressed outwards by a lever against a re- 
cess bored in an encircling plated nng. 

Friction Disc. — K. contrivance similar m principle to cone gear, but in 
which frictional surfaces are substituted for toothed gearing. A pair 
of revolving discs, and furnished with a limited movement also 
longitudinally with their axes, enclose a smooth turned wheel whoso 
axis is at right angles therewith. This last wheel is keyed to a spindle 
but receives no motion save through the disc wheels, and then only when 
contact IS made by moving the inner face of one or the other disc wheels 
into contact with the periphery of the spindle wheel Evidently the 
shaft of the disc wheels moving in one direction, the effect of bringing 
first one and then the other disc into contact is to cause the driven 
wheel and spindle to rotate in opposite directions. This form of geanng 
is conveniently used for reversmg the motion of traversmg cranes. 
The working faces of the discs are blocks formed of alder or other suit- 
able wood held in place u ith a bevelled retaining ring 

Friction Bearing. — (1) Geanng, whose drivmg force is produced by the 
fnction only of the penphenes of the wheels. The driving faces are 
either of wood, or millboard, or leather. This gearmg is seldom used, 
being unsuitable for the transnussion of much power. (2) In some 
forms of this gearing the wheels are provided with turned lings and 
grooves on their ciivximferenoes which are the counterparts of each 
other, and m which, therefore, the amount of bite is increased 

Friction Hoist. — A light hoist driven by the friction of the smooth turned 
surfaces of pulleys, the proportion between the diameters of the pulleys 
being the same as though toothed gearing were employed, so that their 
velocity ratios still dep^ nd upon their relative diameters. 

Friction of Motion. — The power required to keep a moving body in 
motion. This is less in quantity than the friction of repose (q.v.) 

Friction of Bopose. — The power necessary to set a body moving from a 
state of quiescence. This is greater in quantity than the fnction of 
motion (q v.). 

Friction xung. — A loose elastic metallic ring used in some forms of 
friction clutches. It is divided in one portion of its circumference and 
pressed outwards against a female portion by means of a lever. 

Fnction Boilers, or fiction Wheels.— Small rollers which revolve in 
bearings, and sustain an axle in the depression formed by the conti^ity 
of the up^r portion of Iheir peripheries. They are ns^ for light 
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fyftnfflg machineiy, as the crank axles of lathes. In these there is no 
widing friction (q.v.). 

Friotlon Strap Brake.— See Strap Brake. 

Frlctioxi Wheel. — Any wheel which drives or is driven by friction, as 
when contact only takes place between smooth or grooved surfdbes 
without the intervention of teeth. 


Front Top Bake.— See Top Rake. 

Froiting. — Ornamental scraping performed for the sake of good appear- 
ance only, by a series of light finishing cuts performed at different 
crossing angles to reflect the light at those angles It is done either 
with a scrape, or with a bit of oil-stone, and is performed on most light 
machines and engine parts exposed to view. It is so slight in amount 
that it does not affect the truth of the surface in the least degree after 
the scraping proper is completed. 

Frustrnm. — The sohd included between two transverse sections of a cone 
or wedge, or parabolic figure , the sections being taken at different 
heights. 

Fuels. — Fuels play an important part in engineering processes, both in 
the first smelting of the metal and in subsequent remeltings, puddling, 
the heating of steam boilers, &c. Fuels are sohd, as coal, coke, and 
charcoal, or liquid, or gaseous, or patent fuels 

Fuloniin. — The point on which a lever turns. 

Fulcrum Plate.— In an ordmaiy hft pump worked by hand and attached 
to a back board, the motal plate v^ch receives the stud about which 
the handle moves is called the fulcrum plate 

Full. — (1) A workshop term which signifies that a dimension is slightly 
larger than it should be, but to so slight an extent that it is to be 
detected by calipers rather than by rule measurement (2) The full of 
an ecoentno is the portion of the sheave which is situated at the 
neatest distance from the crank shaft upon which it is fixed. 

Full Bore. — See Full Waterway 

FuUering,— The process of forming j^oves in smith’s work, both as 
grooves merely, and as a series of grooves for flattening out a 
surface Also a mode of caulking adopted for boiler plates, which, 
however, differs from caulking proper in that the whole of the edge 
of the plate is hammered or burred over instead of a portion of the edge 
only. Fullering is less likely to groove the face of the adjommg plate 
than the ordinaiy caulking. 

Fullering Tool. — A round-faced smith’s tool used for fullerine* See Ton 
Fuller, Bottom Fuller. 


Full Gate. — When the governor or regulator of a turbine is opened to its 
full extent so that the whole width of the vanes is utilised for the 
reception of the water, and the turbine works to its limit of efficiency, 
it is said to be at full gate. 

furnished with reversing gear when the die 
bl^ks are at either of the extreme ends of the slot links, so that the 
valves are set in their extreme positions for forward or backward 
flio engine is said to be in full gear. If worked in any other 
posi^on of the die blocks excepting mid- gear (q v ), the position is de- 
noted by the fractional portion of the cut off, as J, &c. 

Full Shrouding. — See Shrouding. 

Full Siie. — A term used to distinguii^ drawings made to the actual sixe of 
the work which they representf from those made to a smaller scale- 
The term full sixe is usu^y written on Ihe sheet. 
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Tttli llurtAd. — Jl mew thread which ia out clean and ahatf^^ to its 
proper depth, instead of being merely scratched into a fractional depth 
only. 

Full Waterway, or Full Bore, or Full Way.— A waterway la said to be 
ftiU when the area of the opening given in the valve or plug, as the case 
may be, is equal in extent to the area of the suction bore. 

Full Way. — See Full Waterway. 

Fully Divided Scale. — A scale (q v*) used for di’awmg purposes on which 
all the primary dmsions are subdivided. See Open Divided Seale. 
Fundamental Circle, or Base Circle. — A curve w'hu h is rolled over by a 
generating circle in the production of cyc-loidal curves, used in the 
striking of wheel teeth. 

Funnel —The furnace chimney of a marine engine, built of sheet iron 
plate riveted together Its area bears a definite pi oportion to the engine 

power. 

Furnace. — A general term which may signify any structure in which 
metal is melted, refined, or remelted (See Air, Blast, Reverberatory, 
Brass, Steel, Puddling Furnaces, &c., and Cupola.) Also an engine or 
other fire. 

Furnace Bars — See Fire Bars. 

Furnace Grate — See Grate 

Furnace Hoist — A light hoist jqsed. for elevating the metal, fuel, and 
limestone to the platforirTofa cupola orlnelting fSftiacre 
Furnace Lining — A coating of refractory material used as a pro- 
tection between the casing of a furnace and the intense heat of the 
fuel. The linings vary with the classes of furnaces. Cupolas arerelmed 
with fire clay or sand at every lighting of the fire. Blast furnaces are 
Imed with a refractory fire clay , converter bottoms are lined with 
ganister, or with magnesian limestone, the lining being removed at 
every few heats, or from about five to ten. The lining bums away 
most rapidly round tlie tuyeres (q v ) See Fettling, Tuyeres 
Furnace Shell — The shell (q v.) of the furnace, or fire box, of a steam 
boiler. 

Furnace Tube — The tube within which the fuel is enclosed in an internally 
fired boiler (qv ) 

Furring Tip — ^^e partial closing of steam or water pipes by the deposi- 
tion of solid matters which were previously held in suspension in the 
steam or water. 

Furrowing —See Grooving. 

Fusibility. — ITie readiness with which metals pass from the solid into the 
liquid condition. 

Fusible Alloy. — An alloy so compounded as to melt at a definite and low 
temperature. See Fusible Plug. 

Fusible Plug. — A plug composed of soft and easily melted metal or alloy 
inserted in a brass casmg which is screwed into the furnace crown of a 
steam boiler, and which melts when the water level falls as low as that 
of the crown, and so allows of the escaping water and steam to ex- 
tinguidi the fire and to give timely notice of the shortness of water. It 
melts at a low red heat. 

Fusing Point. — ^The temperature at which a metal or an alloy melts; 
potassium comes lowest, platinum highest in the scale. 
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G. 


0 . — ^In meclianioal and mathematical calculations G stands for the force of 
gravity (q. v.) at any particular latitude. It may be defined as a number 
expressing the velocity produced in a falling b^y m unit of time, or a 
number expressing twice the distance through which a body falls in 
unit of tune ; or a number expressmg the weight of the umt of mass 
in absolute measure. 

Gab. — A hook, or open notch, in a rod or lever, which drops over a 
spindle, and forms a temporary connection between valve or other 
motions 

Gable. — The outer ends of the cranked portion of a crank shaft. Dressing 
this down square is termed outtmg the gable. 

Gab Lever. — Generally any lever which is connected up by means of a 
gab. Specifically the lever which forms the connection between the 
slide valve spmdle and the eccentric rod in some forms of marine 
engine valve. 

Gage. — See Gauge. 

Gager. — See Gaggers. 

Gaggers, or Gagers — Short conical or pyramidal projections, casf upon 
core plates and the plates for loam moulds, to assist the adhesion of the 
loam The term is sometimes applied also to lifters (q v ). 

Gain — Although no machine, actual or ideal, can give out more work 
than is actually put into it, yet it is customary when speaking of 
mechanical exchanges to use the term gam, or mechanical gain, when 
one form of energy is exchanged for another 

Galena. — The most important ore of lead It is a sulphide, that is, a 
compoundj of lead with sulphur — Pb S, containing eighty-six and a 
half per cent, of lead. It occurs in veins, has a metallic lustre, and 
a dark colour, and is very heavy. Sp gr. 7 5 It is found abundantly 
in various parts of England, Scotland, Spam, Saxony, and the United 
States. Argentiferous galena is an ore from which silver can be 
profitably extracted, though it may contam but two parts of silver in 
the thousand 

Galloway Boiler. — A horizontal, internally fired boiler, which is a 
modification of the Lancashire boiler. The two flues pass at their hmder 
end into a broad smgle flue containing a number of Galloway tubas 
(q V.) arranged in a vertical manner, which absorb the heat from the 
flues, and so increase the efficiency of the boiler. The hinder flue in 
boilers of more recent construction has its upper and lower curved 
faces struck from a common centre. The Galloway tubes may number 
thirty or more, according to the size of boiler 

Galloway Tubes. — Water tubes of a conical form longitudinally, circular 
in cross section, and flanged outwards at the ends , placed across the 
tubes of Lancashire and Gomish boilers to increase the circulation and 
the heating surface, and also as a secondary consideration, to assist in 
staying the tubes. 

Galvi^o Action. — ^The action upon one another of electro-positive and 
electro-negative metals, causing wasting away of the positive metal. 
It is partioulwly noticeable where iron and copper, or zme and copper, 
or brass and iron, are in contact in the presence of adulated water. 

Galvanised Iron. — Inm, which aft» ^ving underg<|ae pieliminaiy 
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oleanBing, Hob been dipped in a batb of molten zino. The process has 
nothing to do with galvanic action. 

CUTaniiing. — ^The coating of iron with a dhn of molten zino. 

Oaftboge. — The yellow emour used to mdioate brass and gun metal on 
drawmgs. 

Gang Saws. — number of saws arranged in parallel positions in a swing 
frame (q v.). Used for sawing logs, or balks of timber, into planks and 
boards. 

Oangne — Is a term applied to the earthy matter of iron and other ores. 
It consists chiefly of clay. 

Oanister — A refractory material used for the lining of Bessemer 
converters (q v ), and of steel moulds. It consists of a highly siliceous 
material cemented with fire clay , the sihca equalling about ninety 
per cent. 

Gantry.— The trussed beams, or the girders, as the case may be, which 
carry the crab, or crane, in overhead travellmg cranes. 

Gantry Crane. — An overhead traveUmg crane earned on a gantry (q.v.). 

Gap Bed — A lathe bed having a portion recessed out in front of and 
below the headstock, to receive work larger in diameter than the hei^t 
of the lathe centres, under ordinary conditions, will allow of. The 
bed 18 strengthened correspondingly below the gap. The gap, when not 
in use, is filled up with a gap bridge (q.v ) 

Gap Bndge — The piece of casting or tne bridge which closes up the gap 
of the 1 ^ of a lathe, when not required for use. 

Gap Lathe. — A lathe provided with a gap bed (q v.). 

Gas — A fluid (q v ) which possesses the property of indefinite expan- 
sion in all directions, so that it immediately nils any vessel into which it ’ 
is mtroduced (see Liquid, Boyle and Marriott — law of) . A perfect gas 
is one which expands at a uniform rate with uniform increase in 
temperature Saturated vapours do not absolutely fulfil the conditions 
of perfect gases. 

Gas Coke. — I'he soft coke which results from the dry distillation of coal 
in gas works. It is too fnable for use m cupola furnaces, but owing to 
its cheapness it is employed m the drying stoves in foundries. 

Gas Engine. — A general term denotmg any motor which is actuated by 
the explosive force generated by the compression and subsequent 
Ignition of gaseous compounds. Commonly, coal gas and air are 
empl^ed, but various hydrocarbons have also been made use of. In 
gas engines the extremes of temperature are greater than in steam 
engines, hence under suitable v\orkiDg conditions the greater should bo 
the duty obtainable from them See App. 

Gasooni Enel. — See Producer Gas. 

Gaseous Mixture. — The charge (q.v.) of a gas engine. 

Gaseous Steam. — Superheated steam (q.v.). 

Gas Furnace.— See App. 

Gasket. — Plaited rope well greased with tallow, and used for the packing 
of stuffing boxes and pistons m engine and pump work. 

Gas Flyers.— Two-jawed tongs, usually having two sizes of serrated or 
grooved circular holes, for the holdmg or gripping of gas pipe which 
is being manipulated. 

Gas Ports. — The inlet passaged by which the gas obtains access to the 
cylinder of a gae engine. 

Gas Produeorj— A gas-making furnace in which coal gas is obtained by 
the distUIanon of fuel for the special purpose of heatmg ingot 



mCtlOJ^dkY OF TERMS USMB IM 




* isfiSsm fomaoes. Hie gas is izdxed widi air before being burnt. See 
BroducerOas. 

Q4s Ihimp . — K small force pump used in some gas engines for foroing^as 
into the combustion chamber. 

Oas Begenerator. — ^The regenerator (q.v.) through which producer gas 
passes on its way to the furnace hearth, in a reheating or a steel-melting 
furnace. It is smaller than the correspondmg air regenerator. 

Oss Slide. — Ihe shde valve of a gas engme, by means of which the access 
of gas to the combustion chambers is regulated. 

Oas BtookB and Dies. —Taps and dies m tde specially for outtmg gas 
threads, bemg of a finer pitch than engineers’ stocks and dies. 

0as Tap. — See Gas Stocks and Dies 

Gai Thread. — A screw thread of fine pitch, employed for wrought iron 
and brass tubes 

Gas Tongi.— See Pipe Tongs 

Gas Tabmg — See Wrougbt-iron Pipe, 

Gate. — (1) The onfice by which molten metal is poured into a mould 

(2) The annular opening through which the water passes mto the vanes 
of a turbine (q v ) 

Gauge. — (1) The distance between the inner edge of rails or tramways, 
or permanent way It ranges from 18 inches to 7 feet. (2) A^erm 
ap^ed to a multitude of measuring tools. (See Cuttmg, Cylmdneal, 
Marking, Mortice, Pressure, Screw, Vacuum, and Wire Gauges ) 

(3) Mixed gauge refers to the laying down of two Imes of rails — a broad 
and a narrow gauge— side by side The instrument by which the 
distance between rails is measured, is termed a gauge. It is a bar of 
iron having two offsets at right angles to the bar, the distance between 
the offsets, which lies between the rails, givmg the gauge. 

Gauge Cooks — The cocks attached to the upper and lower portions of the 
water gauge upon a boiler, and which are opened periodically to test 
the freedom or otherwise of the water passage from obstruction. 

Gauge Glass. — A stout, well-annealed glass tube, attached to the front of 
an engine boiler to indicate the height or level of the water within. 
Unions above and below, with oock attachments, connect the glass tube 
with the steam and water spaces respectively, and allow of either con- 
nection being shut off m case of a glass beoommg broken. 

Gauge Plate. — An adjustable plate ued to sheanng, cropping, and cut- 
ting-off machines, for insuring the uniform length of short pieces of 
bar or plate which are to be cut off in large numbers. 

Gauge Bod.— A rod of iron from J m to J m. m diameter, and used for 
measuring the internal diameters of portions of work in cases where 
great accuracy is essential Thus, when internally fired cylmdrical 
steam boilers are bemg subjected to the hydrauhe test, it is usual to 
gauge the mtemal diameters of the flue m various portions of the cir- 
cumference, to ascertain if there be any material distortion, or tendency 
to assume an oval shape imder pressure. Also, when shafts have to be 
turned to fit the eyes of wheels or pulleys, or pistons have to be turned to fit 
engine cylmders, the pulleys, wheels, or cylinders being away from the 
workshop, gauge-rods are nM to fit the bores exactly, and the shafts or 
pistons turned to the lengths of the rods. The ends of the rods are filed 
off ti^)ered, or nearly to a iwint, to afford a very narrow point of oon- 
tact only. 

Gear. — A term of very general application, signifying aigangements of 
toothed wheelfl) valve motions, pump work, ropes, lining tadde, 
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Qeir Cntten* — Cutters of Hardened steel formed on the edge of a drcndar 
diso 'whose section is that of the tooth spaces which they are intended 
to cut. Sometimes a single cutter is set in a revolving hlook. See 
yilliTig Wheels. 

Gear Catting. — The formation of the teeth of wheels by means of revoliing 
cutters, or by planing See App. 

Cleared Brace. — See Geared Hand Drill. 

Geared Chuck. — K. form of universal chuck (q v ). 

Geared JEnginc — Aji engine in which gearmg is mteiposed between the 
crank shaft and the first-motion shafting, either for the purpose of 
increasing power and dimmishing speed, or the reverse. 

Geared Fly "i^eel. — fly wheel furnished with teeth on its periphery. 
Used with Corliss and other engmes. 

Geared Hand-Dnll, or Geared Drill, or Geared Brace. — A form of drill- 
stock held agamst the breast, but in which the drill is revolved by a* 
pair of bevel-wheels worked by hand 
Geared Headstock.— A headstock provided with back gear (q.v.). 

Geared Ladle. — A safety ladle (q.v ) 

Geared Pump. — A pump which is driven by an engine through the medium 
of gearing, usually “with a reduction of speed 
Gearmg. — This has the same general meanmg as gear (q v.), but is more 
properly ^plied to gear-wheels (q.v ). Gearmg, or to gear a wheel, 
also signifies the driving in and working of the wooden cogs of mortice 
wheels. 

Gearing Chain.— -See Fitch Chain. 

Gearing Down. — Signifies the reduction of speed from a prime mover to 
the mechanism which it actuates, by the intervention of gear wheels, 
'with, of course, an accompanying gam in power. 

Gear 'VHieel. — Any form of toothed wheel, as di^stinguished from running 
wheels, pulleys, fly wheels, friction wh^s/^o. 

Geat — A gate (q v ) 

Gedge’s ICetal. — Aich metal (q.v.). 

General Drawing. — A complete drawing of an engine or machine, in 
which many matters of detail may be omitted but m which the mam 
outlmes of its construction are apparent. 

General Joiner. — A combination machine used in wood- working. It is 
furnished -with saws and cutters for sawing, planing, tenonmg, mould* 
ing, boring, groovmg, and all the ordina^ operations of the workshop. 
Generating Circle. — ^The circle, which rolling upon a fundamental drclo 
(q V.), generates, by means of a pomt m its circumference, a cycloidal 
curve. Used in the striking out of wheel teeth. 

Oenerati^ Burface. — Heating surface (q v.). 

Geometrical Mean. — The geometrical mean of two numbers is obtained by 
multiplying the two numbers together and extracting the square root 
of the product. 

Geometric Progression. — See Progression. 

GCb. — fixed portion of the gib and cottar arrangement, in which the 
bearing is kept in place by a loose strap end. The gib is the portion 
provided *with hook ends, whose function is to prevent the straps from 
spreading or opening out. See Cottar. 

Gib and Oottar.—See Cottar, Gib. 

Gibbet .--—T he triangular framework of a crane, consisting of poet, jib, 
and stmt, m 

May .— *A key having a eet-ofl standing at right angles with 
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ilid flicker end, for oonTonienoe of drawing it back in sitiiatians wbere 
the xm of a drift is not p^ractioable. 

fliikrd*s Iiijeotor.--See Injector. 

iQlmbal Joint. — Hooke’s joint. See Universal Joint. 

Olijdot. — boring tool which prepares the way for the entrance of w(^ 
screws. Its point is that of a taper screw and its body that of a cylin- 
der having a spiral groove, hence called a twist gimlet ; or a hollowed, 
nea^ semi-cylindrioal shell, called therefore a shell gimlet. 

Cdmp Nail. — A gimp pin. A small, round-headed upholsterers’ nail, useful 
to pattern makers tor fastening pattern letters to name-plates (q v.). 

0in. — A rude portable, yet effective, hoisting machine, tiie well-known 
tripod form, from whose apex the pulleys and gin-block (q.v.) for lift- 
ing are suspended for working heavy tackle. A barrel and winch are 
fixed between the two legs which form the shears. 

0in Block — A single -sheave pulley of a hollow-nm section, having its 
bearings in a skeleton frame suspended from a hook. A rope is passed 
over the pulley, one end of which is held by a man, the load being 
attached to the end opposite. There is thus no gam m power but only 
an alteration in the direction of motion. Called also whip-gins, rub- 
bish pulleys, monkey wheels 

Gin Pulley. — The pulley of a gm block (q v ). 

Girder. — A beam, usually of timber or of cast or wrought iron, used for 
supporting a superstructure. Girders are of various sections, the com- 
moner form, when in cast iron, having a section like the letter 1, in 
whi(jh, however, the bottom flange where the metal is m tension is 
much wider than the top. In wrought iron, the Warren, or trussed 
girder, is that usually employed Girders act as levers in which, the 
cross sections being the same, their strength is in inverse proportion 
to their length, but the conditions of strength vary with the mode in 
which the load is distributed, and with the way in which the ends of 
the loams are fixed. (See Beams, Relative Strength of.) Girders are 
understood to bo subject to transverse or bendmg strains only. 

Girder Stays, or Hoofing Stays —Used to stiffen the fire-box roofs of 
locomotive and portable boilers. Two plates of wrought iron are riveted 
together at a little distance apart, distance pieces being interposed to 
allow of the passage of bolts between, and then placed edgeways across 
the fire-box roof. From these, bolts provided with chp-washers depend, 
and are fastened inside the fire box. There will be several such stays 
on the roof, at a pitch, or distance apart, of about 4 in. Formerly a 
thicker solid plate, pierced with holes for the bolts, was employed, but 
is superseded by the hghtor built-up girder. Girder stays rest on the 
fire box only near the ends, so that there is a hollow water space of 
about 1 in m depth underneath them, which permits of circulatmn and 
prevents the accumulation of deposit and bummg of the fire-box crown. 

Girt. — The circumference of round timber. 

Girth —The circumferential measurement of a rope is termed the girth. 

Git.— A gate (q v ). 

Give. — A joint, riveted or otherwise, is said to give, when it slips, or 
slides, or breaks away. 

Gland —The small casting which closes the mouth of the stuffing box in 
engines and pumps, and receives the wear of the piston rod. When 
the rbd is in place the screwing down of the gland presses the packing 
close around the rod, and prevents leakage of steam or of water. 

Gland Bolt. — A stud bolt (see Stud) which has a bearingibollar or flange 
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tamed upon it. It ie screwed down until the lower shoulder ol the 
collar bem against the flange or face of the stufflng box. Sometimes 
oalled a pillar bolt. 

0knd Cook.— A plug cook, in which the plug is packed with a gland oyer 
it. These are superior to the common plug cooks. 

Glass. — Broken glass is sometimes used as a flux for hard g^-metal. 

Glass Barrel Pump — See Acid Pump. 

Glass Gauge.— See Gauge Glass 

Glass Paper. — The abraing and smoothing material used by wood workers. 
It is made from crushed bottle glass, sifted to assort it into sizes ; the 
powder is then dusted through a sieve on to stout paper, one of whose 
surfaces is moistened with glue. Formerly sand was the material em- 
ployed, hence the term sand -paper. 

Glass-papering Machines — Machines for glass-papermg the surfaces of 
wood- work They consist, in one form, of a table underneath which 
revolves a cylmder around which the glass-paper is rolled, and which 
projects just above the surface of the table through a slit The work 
in being slid over the table is brought mto contact with the periphery of 
the cyunder. In the other form the glass-paper is attached to a disc 
revolving at the end of a radial movable arm, and the work being laid 
upon a table underneath, the disc is brought to bear upon any portion 
of the surface where it may be required. 

Glass-paper Eubber —See Rubber. 

Glazed Kg.— See Blazed Pig 

Glazing — The filling up of the interstices of the surface of a grindstone 
or emery-wheel with the minute abraded particles detached in grind- 
ing. The surface has then a smooth and polished appearance, and 
ceases to cut efficiently. Glazing arises from several causes, as an in« 
sufficient supply of water, or the grmding of substances for which the 
nature of the stone or emery-w’heel is unsuitable, or from bringing so 
broad a surface to be ground that the abraded particles are imprisoned 
thereby, and forced or squeezed between the rigid particles composing 
the stone or wheel. 

Glenboig Brick. — A fire-brick used for regenerative furnaces. 

Globe Valve. — A valve whose casing is of a spherical shape. Sometimes 
called diaphragm valve, because an annular valve seating contained 
within parts the chamber into two portions The term globe valve 
relates only to its outline , its applications are numerous, but they are 
chiefly those of a stop or regulating valve. 

Glue. — A cement for wood made by boiling dovm the intestines of animals. 
Russian glue is the best. It is prepared for use by boiling with water, 
the glue contained in an inner vessel, being surrounded by the water 
contained in an outer vessel. See Marine Glue, Glue Cement, Hydraulic 
Glue. 

Glue Cement. — A waterproof cement used for attaching paper labels to 
castmgs which are to be shipped abroad. It is composed of glue, four 
parte, boiled oil one part, oxide of iron one part. The whole well 
boiled and mixed, and applied while hot. 

Glue Heater. — A tank, or water bath, containmg steam and hot water, by 
means of which glue is heated and kept warm in the workshop. 

Gluing.— (1) The art of gluing consists in making a good jomt of the 
surfaces in apposition, then after the application of the gluo to rub 
out all that can be rubbed out by moderate pressure, combined 
with Blidin|f Inotiou, before setting the joint. (2) The sticking of oil 
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in and alx>ut bearings, duo to its oxidation or drying. Also termed 
gumming. 

Olne Pot. — The double vessel used in the preparation of glue. It consists 
of an outer pot containing the boiling water, and an ijmet one contai^i- 
ing the glue. The glue is thus never allowed to become burnt, which 
burning would impair its adhesive proper^^ 

Glut. — A gun-metal block having a moe hollowed out to fit against the 
bossed-up end of the valve-rod m a knuckle joint, and by which the 
wear is continually being taken up, the glut being tightened by a wedge 
and screw, or by a cottar. See also False Key. 

Glutting. — ^The choking, or partial stoppage, of engme cylinders and 
passages, and of condenser tubes, wim a carbonaceous deposit from 
mferior oils used m lubrication. Animal oils, including tallow, 
suet, and lard, are found to produce both gluttmg and corrosion, the 
decomposition of the fats causmg the formation of fatty acids, and the 
deposition of carbon. These objections do not apply to the use of 
mineral oils 

Glycerine. — (1) Glycerine is used for mixmg with pipeclay (q v.) in makmg 
models of ornamental castings, when it is desirable that the clay shall 
not set too quickly ( >) Glycerme is also the basis in lubricating oils 

Goliath Crane. — A crab mounted on a gantry, which gantry is attached 
to end standards provided with flanged drivmg wheels, so that the 
whole structure travels bodily i,pon rails laid upon sleepers ; the dif- 
ference between a goliath and a traveller therefore is, that the former 
travels in the mass while the latter travels only to the limited extent 
permitted by the end beams Goliaths, like travellers, are worked both 
by hand and by steam power 

Goose Neck — Tho bent rod by which the tap hole in a casting ladle is 
opened and closed 

Gorge. — A term sometimes applied to signify the groove of a sheave 
pulley m which the rope or chain runs. 

Gouge. — Gouges aie either long paring, or short firmer tools, the former 
being ground on tho mner or hollow curve, the latter on the outer or 
convex face They range from J m. to 2 m. m width Smith’s gouges 
or ^‘hollow sets’' are curved tools embraced by the ordinary withy 
handles, and struck by the sledge hammer. 

Gouge Bit — A bit used for boring holes in wood Its cross section is that 
of a gouge, and it is simply rounded at the cuttmg point, without 
having a nose or lip 

Goug^ Slip — A thin slip of oil-stone, whose edges are rounding in cross 
section for the purpose of abrading the internal or hollow faces of 
gauges when sharpening 

Ooveruor. — A piec’e of mechanism by which the speed of a steam engme, 
or turbine, or water-wheel, or other motor is regulated. The forms of 
governors vary much, but the essential principle is that of heavy balls 
caused to rotate by tho motion of the engine, and which by the opera- 
tion of central forces open or close a throtue valve. See Pendulum 
Governor, Crossed -arm Governor, Parabolic Governor, High-speed 
Governor, Weighted Pendulum Governor. 

Governor Anne. — The rods which are attached to the governor sleeve on 
the one end and to the governor balls on the other. 

Governor Bulli.— Suspended, freely revolving balls of cast iron, through 
whose centrifu^ force the opening of the throttle valve of an engine 
cf other motor is regulated, ^ 
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Chnrenior —See Avtomatio Expansion. 

Ooyernor Sleeve.— The hollow cylinder which slides vertically on a gover* 
nor spindle and carries the governor arms. 

Governor Spindle. — ^The verti^ pillar or spmdle which carries the govern 
Hot sleeve, and around which it revolves. 

Governor Valve Gear. — The arrangement of valve gear through which 
governors are made to regulate t& opening and closing of the induc- 
tion valve in automatic expansion (q.v ). 

Grab. — A form of dredger bucket used in the minor and more local opera- 
tions of excavation. It consists of two half buckets meeting in the 
centre, and actuated by an arrangement of chains, and hooks, and other 
special tackle, in such combinations that the grab closes on the earth, 
and the jaws bite the more firmly the harder the upward pull of fhe 
chains. Also the grab being lifted and coming in contact with a rin? 
or other arrangement suspended overhead, it is automatically openea 
and discharges its contents Grabs are half tme or whole tme aocord- 
mg [to the length of the steel jaws with which they are furnished , 
they are term^ buckets simply when there are no serrations, but only 
smooth meeting edges ; the former are used for rocky and gravelly and 
stiff mud bottoms, the latter for soft mud and gram. 

Grade — (1) A term often applied to the steps of belt pulleys. (2) The 
various commercial qualities of irons and steels. 

Gradual Load. — A load gradually applied to a structure, and which 
therefore furnishes the most favourable condition of stress. 

Grain — (1^ The arrangement of the woody fibres in timber. With the 
grain, signifies longitudinally in the course of tho fibres as the tree 
grows. Across the grain, signifies a transverse section. Crooked gram, 
or cross-grain, denotes a wavy and interlacing condition of the fibres , 
open - grain, wood of a soft and rapid growth ; close grain, the 
reverse ; harsh grain, coarse and gritty m nature. (2) The grain of 
iron signifies the disposition of its crystals and laminae, and wo may 
say in some cases its cmder or scale. The gram of timber; runs in the 
direction of its growth; that of iron is irregular when cast, fibrous 
when rolled, the fibre being developed in the direction of the rolling. 
The grain of wood and of rolled iron are alike strongest in the direction 
of their length. Boiler plates are rolled in the direction of their length 
for this reason. Tho forge test (q v.) also recognises this difference of 
grain. 

Grain Bolls — Bolls made of a tough quality of cast iron not chilled, to 
distinguish them from chilled rolls 

Grain Side. — The hair or smooth side of a leather belt. With a smooth 
• turned pulley this should be used as the drivmg side, since it makes a 
closer with the rim, to the consequent exclusion of air. 

Grain Tin. — Befined tin of purest quality, which is obtained bv heating 
the ingots and allowing tnem to fall from a height, when tney break 
up into irregular prismatic fragments. Grain tm is used in tm-plating. 

Gramme, or Gram. — ^The standard French measure of weight. It is the 
weight of a cubic centimetre (q.v.) of pure water of the temperature of 
4° C., taken at Pans. It is equivalent to 16-4323 English grains. 

Granular Iron. — Bar iron which shows a granular fracture due to the 
absence of ednder, and is therefore a guarantee of its strength and 
parity. 

Granulated Copper.— See Matt. 

fhraphio ICethoif.— The methods employed for ascertaining strains upon 
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stmotures, velocity ratios, and such like, by the laying down of linef 
to a uniform scale. Used to distingpuish it from the mathematical and 
geometrical methods of obtammg similar results. 

Graphic Statics.— See Graphic Methods. ^ ^ ^ 

Graphite.— Carbon in an uncombined state. It is found in most 
abundance in the grey variety of cast iron, and is readily distinguished 
on the face of a fracture, as flakes, or ciystals, darker in colour than 
the metal, and distributed over its surface. 

Graphitic Carbon.— See Carbon, Graphite. 

Grasshopper Eng^e. — term applied to an old and scarce type of beam 
engme, m which the working beam, instead of being pivoted at the 
centre, is pivoted at one end The connectmg-rod is thus attached at a 
point midway between the pivoted end and the end which is actuated by 
the piston-rod ; and the friction on the pivot is corrcspondmgly reduced. 

Grate. — The area which contains the burning fuel m the furnace of a 
steam-engine boiler, or of a reverberatory furnace, or air oven 

Grate Area, or Grate Surface. — ^The area m square feet covered by the 
fire-bars of an engine boiler. That is, equivalent to the area over 
which full combustion can take place in consequence of the due access 
of air to tlie fuel. As a very broad rule, one foot of grate area per 
nominal horse-power is allowed in Cornish and Lancashire boilers. It 
18 usual to eatunate the grate area m relation to the weight of coal 
burnt , hence, it becomes the reciprocal of the rate of combustion. 
Cornish and Lancashire boilers, with good draught, will require *07 
square feet per lb. of coal, while locomotives will only require 01 square 
feet por lb 

Orate Bars. — Fire-bars (q v ) 

Grate Surface.— See Grate Area. 

Grating. — The perforated plate in a foot valve, or air pump, whose 
function is to prevent the entry of solid matters along with the water. 

Graver. — A hand tool for metal-tuming, formed of a square bar, and 
ground from one of the edges to an angle of about 45°. This gives two 
cutting faces of 60° each, right and leH respectively, in addition to tlie 
point formed by the angle of the bar and the face. 

Gravity. — The force which draws all bodies towards the centre of the earth 
or to its surface, in a direction perpendicular to that surface. 

Gravity Wheel. — A water-wheel mvhich the weight of the water alone 
is utilised , the water restmg in the buckets until discharged. Over- 
shot wheels (q V.) are gravity wheels. 

Grease. — See Tallow. 

Grease Axle Box.— See Axle Box. 

Grease Box. — The upper portion of an axle box (q v.), which is made the 
receptacle for the grease used m lubrication 

Grease Cock. — A cup, with pipe, and stop cock, screwed into the cover or 
body of an engme cylmder, and which receives and regulates the supply 
of grease used for the purpose of lubricatmg the piston. 

Grease Cup. — An oil cup (q v ). 

Greasy Steam. — Steam which becomes its own lubricant by a mechanical 
admixture of grease therewith. The grease is imngled with the steam 
before its eniry into the cylmder, by means of an impermeator (q.v.) 
fixed on the steam chest. 

Green Coal. — ^The small coal newly laid on a smith’s fire. 

Green Heart. ^Nectandta Rod%<iou) — Sp. gr. 1*05 to 1*09. A hard, tough, 
a id rigid timber, of the natural order Laurauc^^ u^ liurgely in 
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enraeeiing works. It is imported from British Guiana, and is of a 
yeflowish, or greenish-yellow colour, and Very durable. A cubic foot 
weighs from 65 to 68 lbs. 

Oveen Sand. — Ordinary foundry sand moistened with water and not 
dried, as distingiushed from diy sand (q.v.) and loam (q.v.) 

Green Sand Konlding. — The mouldmg of work from patterns, in green 
sand (q v.). See App. 

Green Wood. — ^Timber from which the sap has not been removed by 
seasomng and drying. 

Grey Copper Ore — An abundant ore of copper, containing copper, iron, 
s^phur, antimony, and arsemc, m variable quantities. It is mined in 
Cornwall and Fneburg. 

Grey Iron. — Pig, or cast iron, which, on being fractured, has a grey 
coarsely crystalline structure. It is a moderately strong and very 
fluid iron, suitable for fine castings, and for admixture with scrap, to 
produce a good, tough, and very strong quality for ordinary foundiy use 

Gnd. — (1) A skeleton-like frame of cast iron, which is used to carry a 
core, or drawback, or some other portion of a mould. (2) The grating 
of an air-pump valve. 

Gridiron Valve. — A type of slide-valve in which the ports are subdivided 
transversely by narrow bars or bridges, the ports in the cylinder face 
being similaily subdivided also, the object of the divisions being to 
obtain the necessary steam-way with a dmimishod amount of travel 
of the valve. Gridiron valves may bo double ported (q v ), or treble 
ported (q.v.). 

Grinder — (1) Any appliance by which work is shaped or finished by 
grinding Usually it is apiilied more particularly to lead-laps and 
emery-wheels rather than to actual grindstones. (2) The workman who 
has the emery- v heels of a workshop, and their special work, under his 
charge. 

Grinding. — The abrasion of metalhc surfaces on a grindstone, or emery- 
wheel, or lead-laps, or grinders. Grinding is resorted to not only for 
the roughest but for the finest works, not only to remove metal in 
quantity but to render more accurate work wmch has already been 
Aaped carefully in lathes and other machmes All cutting tools arc 
ground, so also are lathe mandrels and cylindrical gauges. Grinding, 
especially smee the introduction of emery-wheels, occupies a higher 
economical importance in the workshop than ever. 

Grinding Clamps. — A divided lap (q v.) used for grinding mandrels and 
cylmdneal holes. The halves of the clamps are capable of adjustment 
by means of set-screws. See Grinder, Grinding, &c. 

Grinding-in. — The bnnging of the conical bearmg surfaces of plugs and 
cocks of a circular shape to an exact fit by means of emery -powder. 
The powder is strewn over the surfaces along with a little oil, and is 
made to abrade them by turning the plug through portions of a revo- 
lution, each two or three successive turns commencing at different 
starting-points in the circle in order to make the wear more equable. 

Grinding Lme. — K line marked along the twist of a twist-drill, coincident 
with its axis, as a guide to the grinder in maintaining the cutting point 
in exact position. 

Grinding Kachines — Machines of various types employed for the abrasion 
and shaping, and tming-up of metallic surfaces, emery-wheels of 
various quaUti^ being the grinding agents. Spindles and mandrels 
are ground |yhilo revolving ^tween centres by means of a revolving 
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and traveTBing wheel, or a lap ; surfacefl are ^und while being 
traversed underneath a revolving emery-wheel. Irregular works are 

S I whilst held against ordinary wheels mounted on spindles, 
nd cutters of various kinds aro also treated in these machines. 
Best. — support, or a guide, for a cutting tool during the 
process of grmding on a stone. In the turning or fitting shop it 
generally consists of a bar, or a bridge, of square iron, laid across the 
top of the water-trough m front of the stone, and upon which the 
tools are laid. For grinding wood-cutting tools various forms of rests 
have been devised, but except for the knives of rotary cutters workmen 
do not hold them in much value. See also Twist Drill Grinder. 
Chindstone.~A revolving stone against which tools and materials aro 
abraded by gfrinding. Grindstones are natural sandstones, Newcastle 
being the best , they are also artificial compositions. Grindstones 
revolve m troughs containing water, but should not run actually in ^e 
water, as that softens them and causes them to wear unequally. The 
water should be fed on to them from a drip-can. For ordinary tools 
they should make about 90 or 100 revolutions per minute. 

Grindstone Truer. — Grindstones are trued, or turned up, by hand by 
means of a pointed bar of steel, which is constantly rotated to present 
a new cutting point to the stone. Grmdstones are trued mechanically 
by means of a threaded roller of steel, clamped in a frame and allowed to 
rotate against the surface of the stone. 

Grip Chuck. — K jaw chuck (q.v ). 

Grit. — Grindstones are specified as of hard grit or soft grit, according to 
their density or texture. 

Grit Stone — A natural grindstone as distinguished from an artificial or 
composition stone. 

Gromet Washer. — A grummet washer (q v.). 

Grooving, or Furrowing. — (1) action which injuriously affects certain 

portions of boiler plates. It is the cutting round, or corroding away, 
of those parts which are subject to continue, leverage, and tiie groovmg 
action is partly due to mechanical strains constantly repeated, and 
partly to the attacks of acids in the lines of strain. It is particularly 
observable in ^e seams of those plates which are not properly stayed. 
(2) The r^essing of the edges of boards to receive the tongues of 
corresponding boards. Grooving is performed by revolving cutters, or 
by a small thick circular saw having widely-spaced teeth. 

Grooving Saw. — A drunken saw (q v.). 

Gross Indicated Horse-power. — See Indicated Horse-power. 

Gross Pressure. — ^Absolute pressure (q v.). 

Gross Section. — The gross section of a steam boiler is the total number of 
inches contamod in its circumference. If it were a solid plate this 
would also be its effective section (q.v.). 

Ground Line. — The horizontal line along which the strains in a crane post 
([q.v.) tendmg to break it off are concentrated in greatest force. This 
is not necessarily on a level with the ground, but coincides with the 
um>er face of the foun^tion-plate or ring in which the post is ^ed, in 
a fixed crane, or in which the rollers revolve in a portame crane. 

Ground Wheels. — ^The imuning, or traveliing wheels of a porteble crane* 
Grouped Safety-valve.— See Oowbum Valve. 

Grout.— A coarse mortar used for oementing iron work into stone. 
Grouting. — ^The fastening of iron wmk, asbolts and eye8,(! into masomcT 
by the aid of grout (q.v.). 
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Oral) Screw. — A screw which has neither nut nor head of any kind, but 
which is simply slotted across the top end for the msertion of a sorew- 
drirer, by means of which it is driven home 

Grummet Washer, or Oromet Washer.— A washer made of a strand of 
rope, or spun yam, or tar twine, twitted into the form of a ring. It is 
employed for insei^on under the heads of square- shouldered bolts, in 
bunt up cast-iron water tanks , its purpose being to prevent leakage 
round the heads where the rust caulking does not completely fill up. 

Guard. — Sec Shield. 

Guard Plate. — The curved plate in an india-rubber disc vah e, which pre- 
vents the india-rubber from opening or lifting beyond the distoce 
limited by the plate. 

Guard Bail. — In permanent way, a short rail laid down at a crossing near 
the outer rail to guide the wheel flanges. It fulfils a similar purpose 
as a check rail (q v ) on a curve 

Guard Strap. — The strips of sheet iron which arch over the tops of the 
wheels of locomotives, as a protection against injury to the drivers. 

Gudgeon — The cross shaft which stands at right angles to a piston-rod, 
or pump-rod, and which forms the medium of communication between 
the rod and the crosshead, or slipper blocks 

Guide — (1) Any attachment or contrivance by which a crosshead, or slipper 
block, or pm of an engine, pump, or piece of mechanism, is coerced to 
travel in one path only, whether linear or curvilinear, is termed a guide 
or guide-rod, guide-bar, or slide-bar. (2) A chisel-shaped attachment 
to rolling mills, which lifts the rail or bar off the rolls on the leaving 
side. Without the guide, the bar would turn around the roll. 

Guide Barg. — See Slide Bara 

Guide Blookg. — See Slide Blocks. 

Guide Iron — A piece of iron rod, about J m. square, which being bent to 
the contour of a curved pattern pipe, becomes a guide by which the 
core maker strickles up its core without requiring a core-box It is 
equally available for striking up a pipe pattern in loam. 

Guide Plate. — See Ramps 

Guide Pulley — A pulley which neither acts as a driver or a driven, but 
simply as a guide for changing the direction of motion, or to take up 
the slack or strain on an extensible belt or cord 

Guide Bod. — See Guide 

Guide Screw.— The leading screw of a self -actmg lathe Used fortra- 

versing the slide rest, and for initiating the threads of screws. 

Guillotine Shears — A special type of shearing machine, used for the cut- 
tmg up of puddled bars and slabs ready for piling (q v ) Tlie shears 
are similar to those of ordinary shearmg machines, but instead of being 
set transversdy to, they are parallel with, the plane of the machme frame- 
work 

Oulleting. — ^Tho deepening of the roots of the tooth of circular and gullet 
saws. 

Gullet Saw. — A saw whose teeth arc deepened and hollowed in their roots. 
Most circular and pit saws are gulleted, and the dust runs away with 
greater freedom from such saws, the gullets being sloped outwards on 
^temate sides. 

Gullet Teeth. — The t^th of a gullet saw (q.v.). 

Gu mming . —Lubricating oils are g^umming or non-grumming, ns they 
become thick and sti(^, or otherwise See Saw Gumming. 

Chm Xetnl.|-Aii alloy of copper and tin in various proportions, employed 
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largely in engineering construction* It is tougher than oast iron, does 
not heat rapidly with friction, and is easily turned and planed. Its 
tensile strength is less than that of wrought iron, but greater than that 
of cast iron, and equals about 11 tons per square inch of section. It-is 
employed for bearings, and in jr'ump work where the use of iron would 
bo objectionable, by reason of its liabihty to rust. Gun-metal is hard 
or soft as it contains greater or less proportions of tm. Called also 
bronze. A tough mixture contains copper 90, tin 10 parts. 

Gusset. — An angle-iron bracket used to stiffen an angular portion of a 
structure See Gusset Stay. 

Gusset Plates. — The webs or plated portions of gusset stays (q.v ), as dis- 
tinguished from their angle-irons. 

Gusset Stay, or Gusset. — A triangular plate of wrought iron or steel, 
whoso function is to support the inherently weak flat ends of Cornish 
and Lancashire boilers. In largo boilers about five gusset stays are 
attached to each end, being secured to the shell and to the end-plates 
by angle-irons 

Gut Bands. —Gut bands are used for driving some of the smaller foot- 
lathes. They are united by hooks and eyes, sometimes by splicmg 
Gut is prepared from the intestines of the sheep, but sometimes from 
those of the horse, ass, or mule , never from the cat. 

Gutta Percha — A vegetable exudation which is largely employed by 
hydraubo engineers for the valves of hydrants and other water valves 
It is used for taking impressions of ornamental work for which foundry 
models have to be made. The gutta-percha is placed m cold water to 
cool, to prevent its contraction 

Guys — The tension ropes or chains which act as braces or supports to 
shear legs, or whicli sustain the mast or boom of a derrick crane. 

Gyration, Centro of.— See Centre of Gyration. 


H. 

Hack Hammer. — A chisel-shaped cross-paned hammer (see Pane), attached 
to a stout handle, and used for the purpose of hacking (q v.) grind- 
stones. 

Hacking. — The dressing off of the projections upon the face of a grind- 
stone with a hack hammer (q v.) When a stone becomes very uneven 
it is difficult to use the ordmary pointed grinding tool with effect The 
hack hammer renders the task easier, by first reduemg the chief pro- 
jections by a series of cross hatchings, or chequered cuts. 

Haok Saw. — A light frame saw used for cutting metal. The saw has a 
thin narrow blade, and ecmilateral tnangular-shaped teeth, and is 
stretched between a frame of wrought iron, the requisite tension being 
imparted to the saw by means of a thumbscrew. A handle is affixed to 
one end of the frame, and downward pressure is imparted by la 3 ring the 
left hand upon the back or top of the frame. This saw is in constant 
use by fitters and machinists, for cutting off odds and ends of metal 
where the concussion of a chipping chisel would be objectionable, and 
for cutting fine slits m work of the exact width of the saw thickness. 

Essmatite.— See Brown Heematite, Bed Heematite. 

Hair Compaii. — ^A drawing compass in which provision is made for 
minute adjustment for distance. The upper portion of one of the lege 
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Is formed into a spring to which a screw, haying a milled head, is 
attached, and by means of which the exact amount of the requm^ 
inoyement is regfulated. 

Ba^ Felt — See Felt. 

Hair Side —The grain side (q y.) of a leather belt. 

Half-blind Holes — See Half-lap Holes. 

Half-centre — Half -centre is sometimes used to denote the position of the 
crank-pin of an engine when midway between the two dead centres or 
dead points. The rotational effect is greatest at half-centre. 

Half-crossed Belting. — Belting is said to be half-crossed when it drive s 
between two pulleys whose axes are at right angles with each other. 
Such belts can only run m one du’ection. 

Half-lap Coupling. — A box coupling in which the liability of the ^afts 
to shp 18 prevented by making a short length of one shaft overlap a corre- 
sponding length on the other, one-half the sectional area being removed 
m eeich case. The diameter at the joint is increased to maintain equal 
strength, and a httle taper is imparted to the lapped parts 

Half-lap Holes, or Half-Blind Holes.— Rivet holes m boiler and other 
plates which are punched so maccurately that when the plates are 
brought together they do not correspond withm the extent of one-half 
their diameters, the edge of one coming to the centre of its fellow when 
the plates are m position. In this case the holes should be broached or 
rymered out, and larger rivets inserted, though it is too often the custom 
to pull them together with a drift. See Drift, Blind Holes. 

Half-lap Joint —See Halvmg 

Half-lattice Girder — A Warren girder (q v ). 

Half Pattern. — One of the halves of a pattern which is jointed through 
the centre for convenience of moulding 

E[alf-np Saw. — A hand-saw, from 28 in. to 30 in long, containing about 
three and a half teeth to the inch. It is used for cutting with the 
grain chiefly. 

Half-round Bit — See Cylinder Bit 

BCalf-round Chisel. — See Round-nose Tool. 

Half-round File — A file which is flat on one side and convex on the other, 
the amount of convexity never, however, equalling the half of a circle, 
bemg always much less, though variable m amount. The amount of 
convexity is mdicated by the terms, “ round-edged flat,’ ^ extra thin 

flat,” “flat,” and “ hign-backed half-round.” 

Half-round Iron. — Rolled wrought-iron bar used in various engineering 
constructions It is either solid half round, the section being that of a solid 
hemisphere, or hollow half round, the section being that of a semi-cylin- 
der. Solid half rounds are made from about 1 J in x f m. to 3 J in X 1 1 hi. , 
and hollow half rounds from 1 J in. X f hi. thickness to 3 Jin. X Im. thick- 
ness. 

B[alf Section. — A sectional view which terminates at the centre line divid- 
ing the object represented into two symmetrical portions. Where a 
hs^ section is given, the complementary half is usually an outside view 
or elevation 

Half Shrouding — See Shrouding. 

Halving. — The making of jomts in pattern work, effected by cutting half 
the thickness from the face of one piece, and the other half from the 
back of its fellow, so that when brought half to half their outer surfaces 
are flush. 

HftBuner. — ^Thare axe not many different types of hammers used in fao* 
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tories, and those bain^? ordinary fitter’s hammers, the smith’s hammers, 
hand and sledge. Hammers are sold by weight, and range from half 
a pound to 14 lbs 

Haamier Block. — The steel face of a steam hammer which is attached to 
the tup^ V ) by means of a dovetailed joint 

Hammer ^rdening. — When cold sheet metal is subjected to long con- 
tinued hammering, its fibres are thereby rendered dense, hard, and 
brittle. This is termed hammer hardenmg m order to distinguish it 
from fire hardening. It is therefore the revei’se of the process of an- 
nealing (q V ). 

Hammer Mead. — The hammer itself as distinguished from its handle. 

Hammerman. — A smith’s striker or mate, the man who hammers the 
heavier work upon the anvil with a sledge 

Hammer Marks. — The marks of the hammer left on smith’s work Free- 
dom from hammer marks is one of the tests of good work. The use of 
flatters tends to obliterate these marks. 

Hammer Scale — The scale squeezed out from a bloom of puddled iron 
under the steam hammer. It is employed for coating the bottom or 
hearth of the puddling furnace, because of its richness in oxygen, and 
consequent value as a decarburismg agent 

Hammer Shaft. — The handle of a sledge hammer. 

Hammer Tongs. — Smith’s tongs bent round at right angles with the 
main axis, for the clipping of pieces of punched work. The opening or 
loop enclosed by the jaws is of large area. Called hammer tongs be- 
cause used in tne manipulation of hammers in course of manufacture 

Hand. — A word commonly used as affix and prefix, as hand screw, hand 
feed, hand shears, hand hole, right hand, left hand, &:c 

Hand Brace —See Brace 

Hand Brake — A brake which is applied or released by means of a lever 
held in the hand, as opposed to a foot, steam, or water brake. 

Hand Crane. — A crane whose motive power is supplied by the energy of 
a man or men turning the handle or winch. 

Hand Drill. — A drillmg machine worked by hand power. Or a drill 
actuated by a bow, or a hand brace, or a ratchet brace. 

Hand Drilling — The drilling of holes by means of a ratchet brace, or 
other suitable hand drill, as distinguished from machine or power dril- 
ling. The practice of hand drillmg is of necessity resort^ to m all 
outdoor work, but also to a considerable extent in the workshop where 
the use of machines is available, as in cases where work is in course of 
erection and cannot bo brought to the machines, or where an individual 
piece, as a long column, or a girder, or large awkward castmg, is too 
ungainly or bulky to be placed under the machine at all, or without an 
expenditure of trouble and time out of proportion to the cost of drilling 
the holes by hand. Where the proportion of cost of transit and setting 
of work under the machine is heavy, hand-drillmg specially performed 
by a man accustomed to it is cheaper. 

Hand Xzpaniion Gear. — Variable expansion gear, adjustable by hand, 
usually consisting of two screws, right and left-handed respectively, 
by wl^h the positions of a pair of cut-off valves are adjusted relatively 
to the slide-valve. 

Hand Teed. — (1) The feed (q.v.J of the cutting tools of machines of 
various kinds, which is effected by the hand of the workman alone, in 
opposition to power feed (q.v.). (2) The passing of a board over the 
cutters of a wood-planing machine by hand, as distiiiguithed from 
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roller or automatic feed. (3) The thrusting of timber through a oir« 
cular saw, in opposition to the mode of feeding by drag ropes or 
rollets. 

Sand File.— Or flat flle. The ordinary engineer’s file, which, though 
slightly rounding or bellied lengthways, is flatter than the bellied &e 
(q.T.). 

Hand Fitted. — Metal work and machine work fitted by hand labour, as 
opposed to work performed by machines. 

Hand Gear.— G^ar, usually toothed, worked by a winch handle, in con- 
tradistinction to power gear. 

Hand IBbmmer. — Exl ordinary fitter’s or smith’s light hammer, weigh- 
ing from one to one and a half pounds 

Hand Holes. — Holes cut in the shells of steam boilers, through which 
the hand is passed for purposes of cleaning and repairs They are em- 
ployed when the use of a mud hole is inadmssible. 

Hand Hook. — A hook wrench (q.v.). 

Handing. — ^Making symmetrical work right and loft hand respectively, 
and altering pa^ms from left to right hand and vice versd. 

Handing Bound.— The turning round of the handles of a die stock (q.v J 
which in the larger kinds is done by two men who pass, or hand round 
the handles from one to the other. 

Hand Ladle. — Or hand shank ladle. A small ladle used in foundries 
for carrying molten metal to the moulds. It is called a hand ladle be- 
cause it is carried by one man without assistance. It holds about a half- 
hundred weight, and is provided with a handle about three feet in 
length. 

Handles. — See Tool Handles 

Hand Lever. — ^A light lever worked by hand power only. Hand levers 
are employed in hundreds of machines and for an infinity of purposes. 
The part grasped by the hand is usually turned to a shape convenient 
for the grasp. 

Hand Lift. — A lift (q.v.) worked by the hand hauling at an endless 
rope ; the rope passes over a sheave and thus actuates a worm, worm- 
wheel, and suitable spur-gearing. The whole of the gearing is placed 
at the head of the lift. 

Hand Banuner. — A rounded hammer-like tool furnished with a short 
iron handle, and used in foundries for ramming the sand round pat- 
terns, and into core-boxes. 

Hand Beit. — A tee-rest (q v ), so called because used for unassisted 
hand- turning, as distinguished from an automatic or slide rest 

Hand Bivetting. — ^The turning over of the heads of nvets by men 
working hand hammers only, with or without the intervention of a 
die or snap, as opposed to machine rivettmg. 

Hand Saw. — ^A saw about 26 in. in length, the ordinary one-handled saw 
of the largest size used in the workshop. It is used for the common work 
of sawing stuff of moderate thickness both longitudinally and across. 
Kip, half rip, and panel saws may be considered modified hand saws, 
from which they differ in the size of the teeth, and to a slight amount 
in length. A hand saw proper contains from five to six teeth to the inch. 

H a nd Screw. — A pair of small wooden vice chops, tij^htened by two wooden 
hand screws, aM used for the temporary clamping together of jointed 
pieces of wo^. 

Hihd Shank Ladle. — ^A hand ladle (q.v.). 

Hund-ilMarhlg lEadiine.— A small machine used for cutting tin plate 
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and thin sheet iron by idiearin^ action. These machines are all worked 
by means of levers, one blade being fixed, the other movable ; but they 
differ in details of construction. 

Hand Sketch, or Sketch simply . — R rough kind of free-hand drawing 
made without rule or compasses, and therefore, though not to scale, it is 
a working sketch because furnished v ith necessary dimensions. Hand 
sketches are used for rough and temporary purposes, or for those jobs 
which will not pay for the making of regular drawings. 

Hand Surfacing. — See Surfacmg. 

Hand Tap — A tap worked with a tap -wrench by hand, as distinguished 
from a machine tap The shank of a hand tap always terminates in a 
rectangle or in a flat expansion, to enter the hole in the tajp- wrench. 

Hand Tools. — All the tools, cutting and otherwise, actuated by the hand 
alone, as distinguished from machine tools. 

Hand iSraverse. — A traverse or cross movement of a machine part which 
is effected through mechanism actuated by the hand alone. It is there- 
fore the opposite of automatic 

Hand Traversing. — See Traversing. 

Hand Turning, — Turning accomplished by the unassisted aid of hand 
tools, both for wood and metal, as distinguished from turning done 
by the aid of the slide -rest in self-acting lathes 

Hand Vice. — A small spring vice held in the hand and used for the 
manipulation of wire and of small and light work in general. 

Hand "^eel. — A wheel turned by the hand for the purpose of actuating 
screws, worm-gearing, clutches, lovers, &c , by which motion is im- 
parted to some portion or portions of a machine beyond the immediate 
reach of the attendant 

Hand-wheel Feed. — Any feed motion imparted to the feed-screw by 
means of a hand wheel It is chiefly m dnlling machines that the 
spindle is fed by means of a hand wheel. Sometimes the hand wheel 
moves vertically, carrying the screw along with it ; in other cases the 
screw alone moves through the boss of the hand wheel, the latter bemg 
stationary. See Stationary Hand-wheel Feed. 

Hang — The particular style, or angle, or fashion, at which a smith or a 
fitter holds his hammer. 

Hang Down, or Hanger — A bearing suspended from a roof or beam for 
the journal of a shaft, hence its name. It is held in place with bolts, and 
the bearing parts consist of brasses and a cap in the usual forms. 

Hanger. — See Hang Down. 

Hangers. — The looped suspension rods which depend from the transverse 
beam attached to a foundry crane, and which receive the swivels of a 
moulding-box slung therefrom. 

Hanging — Hanging means the fixing of a pulley, fly-wheel, grindstone, 
&o., upon its shaft or axle. When the central hole is bored to the 
same diameter as its shaft there is practically no hanging required, so 
that the term is only strictly applicable in cases where the hole is 
larger than the axle, as in those of rectangular and polygonal sections, 
and where therefore the pulley, or stone, or wheel has to be adjusted 
and set by means of wedges or key s. 

Himging Tube Boiler. — A type of vertical boiler in which a number of 
small water-tubes closed at the lower end hang from the firebox crown 
and are exposed directly to the play of the fire and hot g^ases. See 
Field's Tubes. 


Hang To. — A term having several applications. 
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^en it ontB without dip. A saw ha^ to, when it feels M 
being drawn into the timber. A pattern hangs to the sand when it 

delivers with difficulty. i j * n 

Hard Bra8S.~-(l) Brass which has not been annealed after drawing or roll- 
ing. It is highly elastic, and is therefore used for springs and work of 
a similar character. (2) Hammered brass, and brass which contains 
a large proportion of tin. Gun-metal is often called hard brass, and 
is therefore suitable for bearings. 

Hard Coke — Oven coke (q.v ). 

Hardening. — Hardening is the result of an increase in the density of a 
metal. The hardenmg of steel is effected by heating it to a tempera- 
ture higher than that which it is to receive permanently, and then sud- 
denly coolmg it in oil, or water, or other suitable solution. The 
temperature lor hardening is controlled by the quality of the steel and 
the purposes to which it is to be apphed. See also Case Hardening, 
Hammer Hardenmg, Babbitting. 

Hardening Mixtures. — Fluids or semi-fluids employed for hardening and 
tempenng works in steel. Pure spring water is the best for general 
purposes, but for special work a multitude of media are used, and most 
worlanen have some special mixture of their own which they deem 
endowed with pecuhar virtues. The water is frequently medicated 
with common salt, or with other ingredients, and is used cither cold or 
slightly lukewarm. For small delicate works and tools, oils and fats 
are us^ m preference to water. See Blazing Off. For special work 
fusible metallic alloys are employed 

Hard Firing — Kapid stoking of engine fires and quick succession of 
charges 

Hard Grit. — Hard grit signifies a grindstone or emery wheel of hard 
texture. 

Hard Iron. — Cast iron, which is dense and close grained It is obtained 
by making suitable mixings of various brands with scrap, and is used 
for wearing parts, the hners of engine cylinders, and cog-wheels. 

Hard Lead. — Lead which has been smelted but not “ improved ” * The 
hardness is due to the presence of antimony, copper, and iron lu 
minute proportions, which united, render the lead unsuitable for the 
purposes for which it is commonly employed. 

Hard Metal. — See Soft Metal, 

Hardnesf — See Toughness. 

Hard Hamming. — Hard Ramming relates to the amount of pressure em- 
ployed when rim ning foundry sand around patterns embedded therein. 
Excessively hard ramming is productive of simbs. Too soft or too 
light lamming results m lumpy and swollen castings, because the pres- 
sure of metal causes the sand to yield before it. Ramming should be 
baa^er at a distance away from the pattern than in its immediate 
vicinity. The proper amount of pressure vanes therefore, and is a 
matter for the exerci.}e of experience and judgment. 

Hard Solders. — The solders used in brazmg (q.v ) and generally for 
unitmg the harder and more infusible metals. 

Hard Tap. — ^When the clay which closes the tap hole of a cupola is 
pierced with difficulty it is said to bo a hard tap. 

Hard Water. — ^Water containing a large quantity of carbonate and sul- 
phate of lime hi solution. Hard waters aio objectionable for use in 
water piping and in steam boilers, smeo they produce calcareous 
deposition. 
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Biur4 Wood.--Of the woods employed in engine^ing oonstruotion^ oak^ 
ash, beech, elm, mahogany may be oonsidered hard. 

HatOh.— A duice ; usually apph^ to a sluice of large size set in the 
course of a stream for regulating the supply of watef to a mill wheel. 

Hatchet. — double bevelled cuttmg tool whose edge is parallel with the 
axis of its handle, and is actuated by percussive force only. 

Hatchet Stake. — A tool used by coppersmiths for bending their thin 
sheets. Its edge is sliarp, somewhat like that of a hatchet, hence its 
name, and the sheet metal is turned over the edge. 

Hat Leather. — The leather rmg packing used for hydraulic pistons. It 
is of the same section which would be produced by bendmg a strip of 
angle iron into a ring with one edge facing inwards. Sometimes it is 
caued a cup leather (q v.), though strictly speaking this term has refer- 
ence to a leather of quite a different form Hat leathers are commonly 
used in pairs, or back to back 

Hawse Pipe or Hawser Pipe.— (1] A stout cast-iron pipe or tube with well- 
rounding edges which Imes tne hawse or cham hole in a ship’s side. 
(2) A pipe which guides the barrel cham in some forms of grabs 

Hawser Hope.— A cable laid rope (q v ). 

Hay. — See Hay Band * 

Hay Band. — Common hay spun into bands of IJ in or IJ in. diameter, 
and of several yards m length is used m the making of foundry cores. 
The band is wrapped closely round a core bar, and the thickness of loam 
struck upon it. The hay then forms a porous mass through which the 
gases generated in castmg readily find egress from the mould. 

!Btoy Band Spinner. — A long lantern wheel made of wood, and set spin- 
ning on an axle fixed in a wall, and on which the core maker or core 
boy spins his bands. It is rotated by one hand, while the hay is fed 
on to it and twisted with the other. 

Hay Eope.— Hay Band (q.v,). 

Haystack Boiler. — A balloon boiler (c^.v ). 

Hazel. (Co; at'tftoa) —An English wood of the o^er Ctipuhfem^ 
wl^se quahties of toughness elasticity render it invaluable to 
smiths for the handles of flatters, swages, chisels, &o., where metallic 
handles would produce a painful jar in the hands due to the hammer 
blows. See Hazel Rods. 

Hazel Bods. — The rods or handles of smiths’ small tools are made by 
binding hazel rods of about ^ in. in diameter around the head and 
twisting them tightly. The rods are supplied in bimdles, and are 
soaked m water and warmed previous to bemg bent. 

Hoad. — (1) A term of wide application, signifying the broad end or ex- 
pansion of screws, nails, Iralts, &o., burner heads, head metal, Soc. 
(2) The height of a column of liquid, or the pressure equiv^ent to that 
height. This enters into all calculations concerning the pressure on 
mams and valves, the power of turbines and water wheels. (3) The 
head of a rail is the upper surface upon which the wheels travel. 

Headorf . — Headers refer to the laying of courses of bncks for the linings 
of blast and cupola furnaces ; bemg set with their heads or ends to- 
wards the body of the furnace, thus giving the maximum of thioknesz 
to the lining. See also Water Tube Boilers in App. 

Heading Tool.— A smith’s tool used for shaping the heads of sci^w bolts. 
The wl of the bolt passes through a hole in a plate, and the bar while 
white hot is flattened out over the surface to form the head. 

Head Xetal, or Bead Head.— A mass of mettd, usually in the foitm ol ^ 
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ling cast on the upper end of cylindrioal work to form a receptacle iof 
the dross, soilage, scoriae, &o., which collects upon the top of molten 
metal. When the casting is removed from the mould the head metal 
is tamed o£^, living the actual casting smooth and &co from these 
foreign impurities. 

Headstook. — (1) The fixed head or poppet of a lathe which carries the 
revolving mandrel and rigger. The poppet prop^ or the back poppet 
is sometimes called the movable headstock. (2) The end timbers m the 
under frame of a railway truck. 

Head Valve, — The uppermost or delivery valve of an air pump, so termed 
in opposition to the foot or suction valve. 

Heart and Square Trowel. — double-ended moulder’s trowel, whose 
two ends are united by a metallic handle, one trowel bemg heart- 
shaped, the other rectengular. They are made m sniaD, medium, 
ineoium large, and large sizes 

Heart Cam — A cam heart-shaped m form, used for the conversion of 
rotary into rectilinear motion. 

Hearth. — (1) That portion of a reverberatory furnace (q v.) upon which 
the ore or metal, as the case may be, is exposed to the action of the 
flame which reaches it from the fireplace after passmg over the bridge. 
(2) The conical portion of a blast furnace which lies below the boshes, 
and into which the molten metal descends. (3) The bottom of a cupola 
upon which the coke bed is laid. (4) The open area of a smith’s forge 
m front of the tuyere upon which tne fuel is placed. 

Hearth Back. — A plate of cast iron which forms the back of a smith’s 
hearth It is supplied with a nozzle for the entry of the nozzle of the 
water tuyere, and with holes for boltmg up into place. 

Hearth Plate. — A cast-iron plate which sometimes covers a furnace 
hearth. 

Heart Trowel. — A moulder’s trowel, whoso outhne is cordate or heart- 
shaped. It 18 named long or broad, accordmg to its proportions. 

Heart Wood. — The wood m, and immediately aiound the centre of a tree. 
The heart wood is best m young timber ; in old trees it is of little value. 

Heat. — (1) Heat is produced by the motion of the ultimate molecules of 
matter, which motion results either from mechanical action, the friction 
of bearing surfaces for example, or from chemical affimty, as the union 
of the carbon or hydrogen in fuel with the oxygen of the air, or from 
electricity. Heat is convertible into mechamcal work, and work, con- 
versely, into heat. The more rapid the vibration of the material 
particles, the neater their separation and expansion and the greater 
the quantity of heat evolved. Hence heat is simply a mode of motion, 
and not a material substance, as was formerly supposed. ( 2 ) A term 
commonly employed in smithies and boiler shops to signify the getting 
hot of any piece of metal which is to be operated on. Thus a man will 
be said to get so many heats in a defimte time, which represents thci'e- 
fore the amoimt of work which he is able to do. Or he will shape a 
definite section of a forging at a smgle heat, that is, without reheating 
the work in the fire. The same term is applied by puddlers to the 
working through of a si^le charge of iron. 

Heater. — See Fe^ Water Heater. 

Heating Apparatiu. — ^The apparatus by means of which buildings are 
warmed up to a definite temperature. The heating is effected by the 
cmoulation of hot water in pipes due to oonveotion, or of steam in steam 
pipes provided with radiatmg plates. 
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of Bearingi. — Bearings are said to heat when their temperatnw 
rises so much above the normal that their axles either stick fast or are 
subject to great extra frictional strain^ or are themselves rapidly 
abraded. The temperature may be such that the hand can barely 
tolerate, or bo high as a low red heat. Heating is due to want of 
lubnoation, and the remedy is to slacken the bolt% and pour on water 
first and oil afterwards. If the bearing is very hot, the first applica- 
tion of water should be hot, since cold water might produce fracture. 
The presence of sulphur also assists the cooling action of the oil 

Heating Surface — (1) The entire superficies of a steam boiler exposed to 
the &me and incandescent gases on the one side, and to the water upon 
the other. (See Transfer of Heat ) (2) The total area of the bnck 
chequering or partitioning m regenerative furnaces. (3) The pipe 
surface in a pipe stove (q v.). 

Heatt Unit of. — The British practical unit of heat is 772 foot pounds, or 
the Joule. See also Thermal Units. 

Heavy Cut — The work of a cutting tool on metal is said to bo heavy 
when it is removing thick and broad shavings. The terra is relative, 
because what would be a heavy cut in small work would be a light cut 
in work of larger dimensions 

Heavy Tiring. — Close or thick firing. 

Heavy Oil — Thick oil (q v ) 

Heavy Banning — The reverse of light running (q v.). 

Hectare. — A French measure of surface, being equivalent to one hundred 
square ares (see Are), or ten thousand square metres (q v ) 

Hectogramme. — A French measure of weight, containing one hundred 
grammes (q v ), and equivalent to 3 5274 English ounces. 

Hectolitre. — A French measure of capacity, containing one hundred litres 
(q V ), and being equivalent to 22 009 English gallons. 

Hectometre. — One hundred metres (q v ), or 3937 079 English inches. 

Heel. — The thick or broad end of a wedge-shaped piece, the broad end of 
a railway s'w itch for example 

Heel Tool —A turmng tool for metal which was commonly employed 
before the use of the slide-rest became general. The cuttmg end re- 
sembled in shape that of a boot, the heel being supported upon the rest, 
the toe being the actual cutting edge The handle rested in an oblique 
direction against the shoulder of the workman. 

Helical Gear — Toothed gear in which the wheel-teeth instead of being at 
right angles with their faces are set at some other angle therewith. 
Such gear may be single or double , in the former the teeth bemg in one 
diagonal plane only across the \\heel, in the latter they are in two diag- 
onal planes placed symmetrically on each side of a plane cuttmg trans- 
versely through the axis of the wheel, and midway between its faces, 
the last form being mostly employed. Helical gears are a modification 
of the old stepped gears, the steps being blend^ mto one continuous 
face, hence the teeth slide down one another with more regulanty thA.n 
is the case with ordinary wheels. In principle they are screw gears. 

fieUeal Teeth. — See Helical Gear. 

Helical Spring. — See Spiral Spring. 

Helve. — (1) The handle of an axe, hatchet, or adze. (2) A helve hammer 
(q.v.) 

Helve Hammer. — ^An antiquated form of smiths’ hammer, sometimes called 
tilt or trip hammer, in which the hammer is attached to a lever lifted 
by cams or wipers, and allowed to fall with the force duo to its own 



UBCHANICAL BHG2NBER1NG. 




monieiitam. Helve hammers are of two kinds ; one, the nose or frontal 
helve, in which the cams act upon the lever which carries the hammer, at 
the extreme end, or opposite to the fulcrum ; the other, or belly helvo, 
where the cams act upon the lever between the hammer head and the 
fulcrum. The latter gives more room for the manipulation of tho 
forgmg or of the bloom than the former. 

Hemp, or Tow. — Hemp or tow is used in foundries by core makers for 
winding on small core bars previous to the daubing and sticking on of 
the loam. It fulfils the same purpose as the hay-bands in larger cores, 
becoming a rough basis for tho attachment of the loam, and also a porous 
mass through which the gases generated by casting escape into the 
hollow of the bar. Hemp is also largely used by moulders for filling 
up the interstices of cores which are laid finally in their places, the mould 
being yet unfinished, the object being the prevention of the accidental 
fallmg in of dust and sand into the lower, or already finished portions. 
The hemp is removed just previously to the final closing of the mould. 

Hempen Hopes — Ordinaiy ropes for the transmission of power, and for 
haulage, &c , are made of coarse hemp, chiefly imported from Russia, 
hence the ropes are frequently termed Russian ropes. The ropes are 
usually tarred, and are thus distinguished from white or untarred ropes. 
(See Manilla Ropes ) The prepared hemp is first spun into yarns, 
these into strands, the twist of the strand being in an opposite direction 
to that of the yams, and the strands laid or twisted into the rope. 
Tailing, when practised, is effected when the yams are spun, and before 
they are twisted mto the strands. The hemp genus belongs to tho 
natural order Cannahnaceco. 

Hercules Crane. — A crane of a large and powerful type, used in harbour 
works for the setting of concrete blocks It is mounted on a travelling 
framework, and has a horizontal jib which slews either through a 
portion of, or the whole of a revolution. Steam is the motive power 
used. 


Hexagon Hut — The ordinary six-sided form of nut which has superseded 
the primitive square fonn, owmg to its superior neatness, and to the 
fact of its being more readily turned in a narrow space, the handle of 
the spanner being moved through a smaller arc to obtain a fresh bite. 

High Breaet Wheel — See Breast WTieel. 

High riashing Point — An oil is said to have a high flashing point when 
it will take fire at a high temperature only. 

High Press. — A workshop abbreviation employed to signify the high- 
pressure cylinder in a compound engine 

High-pressure Engine. — (1) An engine which exhausts its steam directly 
into the atmosphere (2) Any engine, condensing or non-oondensmg, 
which is driven by high-pressure steam 

High-pressure Cylinder. — The smaller cylmder of a compound engine 
which receives the steam direct from the boiler, and m which it is 
first expanded, and from which it is exhausted into the adjacent low- 
pressure cylinder. 

Hijg^h-pressure Steam. — Steam whose pressure is sufficiently above that 
of tho atmosphere to enable it if required to drive an engme which is 
unprovided with a condenser. 

High Speed —A term having various applications in practice, being of 
fi^eral rather than of special signification. High-speed engines may 
be considered to embrace any engines making over 200 to 300 revo- 
lutions 2>er minute ; or, putting it in another way, exceeding a pistooi 
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i^sd of uOO feet per minute. All rotary and three-cylinder enffinea 
also are termed high speed without special reference to any definite 
rate of revolution. High-speed belting applies to belts for fans, wood- 
working machinery, centrifugal pumps, &c , in opposition to those for 
line and counter, and other slowly driving shafts. 

High Speed Bearing!.— Bearings whose length exceeds their diameter by 
from four to six times Their value consists in the distribution of the 
excessive friction of rapidly revolving shafts over a large extent of sur- 
face, with a consequent diminution of heating. They are made in 
various forms , in one of the commonest the actual bearing is made to 
swivel in its plummer block or hanger, and is thus rendered capable of 
accommodating itself to slight inequahties in the Ime of the shafting, 
or to inaccuracy in the setting of the main block or hanger. 

High Speed Engine.— See High Speed 

Hipn^potamns Hide.— Sometimes used for the covering of buff wheels, 
being more elastic and durable than leather 

H Iron.— Rolled wrought-iron bar whose section is that of the letter I. 
Used extensively for building up engineering structures. 

Hitch, — A cutting tool moving automatically in a tool holder is said to 
hitch or catch when it is pulled into the work to a depth greater than 
it is intended to cut. Hitching is due either to malformation of the 
tool, to an unsuitable cutting angle, or to an improper position of the 
cutting pomt relatively to the shank. 

Hob, or Hub. A master tap 

Hogger Pump.— The upper portion of a deep mine pump. 

Hogging. — The curving or distortion of the furnace tubes of boilers, 
caused by the local expansion of the plates due to heat Hogging is 
chiefly observable immediately after the lightmg of the fire, and before 
the temperature has become approximately uniform. 

Hoist.— See Lift. 

Stoisting Crab.— See Crab 

Hoisting Engine — An engine specially fitted up for ordinary hoisting or 
lifting puiposes It is usually attached to its vertical boiler, and to- 
gether with a hoisting drum and suitable gearing is secured to a low 
truck having unflanged wheels for convenience of portability. The 
truck is drawn by horses to the locality where the seiwices of the crane 
are required. The lifting chain passes from the drum to a gin or puUey 
block suspended from temporary shear legs or other convenient support. 

Hold-down Bolts —See Foundation Bolts 

Holding up — The maintaining of a firm pressure against the heads of 
rivets while their closing up is bemg effected, a holding-up hammer 
being used for the purpose. 

Holding-up Hammer — ^An ordinary hammer used for holding up (q.v ) 
The handle is of ash, and is pressed against a convenient fulcrum, the 
hammer being held against the iivet head, not directly, but witi the 
force due to the leverage exerted on the handle 

Hold up.— A term commonly used to express the capacity of a piece of 
wood or metal to finish to a particular size. If it is under size, or its 
surface is too winding to pemut of finishing to tiiickncss ; or if circular, 
if its diameter is too small ; or if, though originally la^ enough, it 
has not been centred truly, it is said not to hold up. 

HolUper.— See Oliver. 

BoUowi* — ^The inside curves imparted to ihe otherwise anguhtr parts of 
castings. They are inserted m order that the crystals of the metal 
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may arrange themselves in the strongest positionj that is, radially to 
the face, which m a casting having purely right angles would leave a 
hne of break, and consequent source of weakness. Pattern hollows are 
made m wood, metal, or leather. 

Hollow Blows — Blows dehvered by a hammer upon a substance which 
IS either unsupported, or insufficiently supported by an opposing block. 
The blows are consequently elastic in character. 

Hollow Column — (1) A hollow column which contains the same quantity 
of metal as a given solid column, is stronger than the solid column, and 
the strength nearly equals the difference between that of two solid 
columns whose diameters are equal to the external and internal 
diameters of the hollow column. (2) The transverse strength of a thin 
hollow cylmder is to that of a solid cylinder of equal weight as the 
diameter of the former is to the radius of the latter. 

Hollow Half Bounds — See Half-round Iron. 

Hollow Mandrel Lathe — A lathe whoso headstock mandrel is made hol- 
low throughout to allow of the turning off of short pins, screws, or 
other cyhndrical work from a long piece of rod. The rod is slid 
through the hollow mandrel as each successive pm or screw is turned 
and cut off. 

Hollow Moulding. — A term sometimes employed to designate the cylin- 
drical and hollow forms of foundry worx, as distmguished from flat 
mouldmg. 

Hollow Plane — A plane whose face and cutting iron are hollowed out, 
and which therefore planes rounding in section Used for working the 
ronndmg portions of beads and edges. 

Hollow fiet — A smith’s gouge, used for dressing off the circular portions 
of forged work. 

Hollow Spindle — Applied to those lathes, screw-cutting, and cutting-off 
machmes m which the bar that furnishes the materials for use, is made 
to traverse to an exact and measurable distance at a time through the 
mandrel of the headstock, which is made hollow for that purpose. See 
Hollow Mandrel Lathe 

Hollow Structures — The larger machine frames, standards, parts, &c , 
are made hollow from motives of economy A given amount of mate- 
rial properly disposed in a hollow form will possess more strength than 
the same quantity solidly arranged. It is for this reason that machine 
framings, base plates, columns, box girders, &c , are made hollow. 

Hollow Tools — Bottom swages (see Swage) are termed hollow tools. 

Homogeneous. — Of the same quality throughout Cast metal is homo- 
geneous when the crystals are as nearly as possible of the same size, 
wrought metal when the fibre is clean throughout, and not an intermix- 
ture of various qualities together with layers of scale and rubbish inter- 
vening. Again, piled works, as iron rails for example, usually lack the 
qualify of perfect homogeneity bj reason of the afferent qualities of 
puddled bar and slab employed in their construction, the presence of 
cinder, scale, or oxide, and imperfect welding ; while steelworks rolled 
from ttie ingot have the quahty of homogeneity in perfection. 

Hone, or Oil-stone.— -A slaty stone used for whetting edged tools after 
they have left the grindstone, to inroart the keen and fine edge required 
for dean cutting. The qualities of hones vary greatly, some being soft 
and therefore netting quickly, But producing a coarse edge; othecs 
being liaid and dew Si aotiQn 2 but giving a keener edge. For ordinary 
shop use, a Tmkey or a Ghanuey Forest hone are the best, but Wadiita 
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and Grecian horn's are in frequent demand, thou^ph not so reliable M 
the Brat named. 

Uoneyoombing , — That kind of boiler corrosion which takes the form of 
numerous minute recesses, or small blank holes or pits, due to the 
action of acids, or to want of uniformity m the quality of the plates, 
or to galvanic action, or to all combined. 

Hood, or Bonnet. — The upper covermg or canopy over a smith’s forge 
which conducts the smoko mto tho chimney. 

Hook. — A firing tool havmg a narrow prolongation of the end of a 
long bar, turned down at right angles therewith, and used for clearing 
tho interspaces of the fire bars of boilers, of clinkers and ashes. 

Hook Bolt — A bolt which, instead of a square head, has an end hooked 
or turned round at right angles These bolts are often placed against 
the outside faces of the work which they hold together. 

Hooked Tommy. — A tommy used for tummg round-headed screws and 
circular nuts, when, owing to the shallowness of their holes, an ordinary 
tommy would not hold sufficiently well. A hooked tommy is therefore 
curved to follow tho circular shape of the heads. 

Hooke’s Joint. — See Universal Joint. 

Hooks and Eyes. — Cylindrical belt fasteners used for leather or gut belts 
of circular section. 

Hook Tool. — A form of tool used for vertical slotting, which is placed 
transversely to the axis of the lam of the machine. 

Hook Wrench, or Set, or Hand Hook. — A smitli’s tool used for taking 
work out of winding or out of twist. It is formed of a piece of iron 
bent round to form thice sides at right angles with each other suc- 
cessively, two being short and one of fiie two parallel sides being pro- 
longed to form a handle. It is slipped around the work bke a span- 
ner, and the handle servos as a lever to pull out the twist. 

Hooped Spindle.— A spindle provided with an eye at one end, either cir- 
cular or rectangular in outline, which eye embraces a boss cast upon a 
valve. Often appbed to slide valves in place of the ordmary valve rod 
witli lock nut arrangements. 

Hoop Iron. — Thin iron used for securing the comers of packing cases ^t 
is made in widths ranging fiom f in to in , its thiclmesses being 
given in the numbers of B W G , ranging from No. 21 to 12. 

Hoop L. — The trade mark of the Swedish malleable iron from the Dannc- 
mora mmcs, so called from tho letter L bemg placed m the centre of a 
circle. 

Hoop Tongs. — Smith’s tongs whose jaws are bent at right angles with 
the handles. The jaws lay parallel with each other for tho embracmg 
of rings and hoops of flat bar iron. 

Hooter. — A steam whistle used mstead of a factory bell to summon the 
men to work. Hooters can be heard a dozen miles away m a still 
morning. 

Hopper. — A box or receiver used for the purpose of feeding supplies of 
materials to machines or furnaces of various kmds It is often fur- 
nished with sloping sides, and a valve or cover proi ides the means of 
regulating the fall of the contents. Concrete mixers, blast fumaccB, 
gas producers, are furnished with hoppers. 

Hmiotttal Boiler. — ^A boiler, the longitudmal axis of whose barrel is hori« 
Eontal. Horizontal boilers embrace Cornish, Jiancaidiire, Galloway, 
Wagon, and marine types. 

Horiu&tal Boring Maohine.—See Boring Machine. 
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Horisontal Crane. — A portable steam balanoe crane whose cylinders are 
set in a horizontal direction, and whose gearing is kept as low down as 
possible See Vertical Crane. 

Horiiontal Engine — ^An engine the longitudinal axis of whose cylinder 
and piston rod is horizontal. 

Horizontal Lathe — ^A bonng machine whose axis is set in a vertical 
direction for the purpose of boring large engine and other cylinders, 
and rmgs which would sink and become distorted by their own weight 
if laid upon their sides in an ordinary lathe or boring machine. 

Horizontal Water Wheel. — A water motor composed of two wheels placed 
horizontally one above the other, the upper one remainmg fixed, the 
lower one bemg made to revolve by the pressure due to the head of 
water. The water passing through curved buckets or vanes in the 
upper wheel is directed by them against a series of buckets in the lower 
wheel, the latter bemg free to revolve on a vertical spindle Horizontal 
wheels are mostly superseded by turbines 

Horizontal Winch — A steam winch (q v.) in which the cylinders are 
placed horizontally on the side frames. 

Hornbeam {Carpmu «.) — A wood of the natural order Cupuhferm It is of 
a light colour, very strmgy, tough, and of moderate hardness. Used 
W engineers for the cogs of mortice wheels. A cubic foot weighs 
47 lbs Sp gr. 0 76. 

Homblock — A casting of steel or iron riveted to a locomotive framing to 
receive the axle box, and by moans of which the latter is constrained 
to move m a vertical plane only 

Horn Centres.^Small transparent discs of horn used by draughtsmen to 
place the points of their compasses upon when describing circles, to 
avoid piercing the paper itself. 

Horn Plates. — The wrought-iron or steel frames whose internal edges act 
as guides to the axle boxes of rolhng stock. They are bolted to the 
truck frames Also termed axle guards, pedestals, and housings. 

Homs. —The curved levers which are pivoted at the side of a planing 
machine, and which being knocked over by the tappets give the noces- 

• sary feeds to the tool, and the reversing movement to the table. 

Horse Bung. — This is used in foundries for mixing with the sand from 
which cores are struck up. It owes its value to the quantity of undi- 
gested hay which it contains, for this, being desiccated by the diving 
m the stove, leaves a network of porous channels m the core or loam 
through which the gases generated by casting find exit. 

Horse Gear.— See BuUock &ar. 

Horse Hair. — Sometimes mixed with loam for the same purpose as horse 
dung (q.v ). 

Horse Hair Cushion. — A cushion of horse hair placed in the bottom of 
some types of axle boxes, and which being saturated with oil, forms a 
reservoir for a worsted pad (q.v ) placed above. 

Horse-Power.— A conventional term whose significations re(][uire to be 
defined to have any practical use. See Actual, Indicated, Nett Indi- 
cated, and Nominal Horse-Powers. 

Horse-Power transmitted. — ^The powers which belts, wheels, shafting, 
&c., are capable of carrying or transmitting from the prime movers to 
^e mechanism which mey have to drive, this power being expressed 
in the imit of 33,000 foot pounds. 

Horseshoe CNinge. — ^A fixed gauge used for calipering metal work. It is 
really a fixed caliper, being out from a solid pi^ of metal, and its ^ 
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outline approximates to tliat of a horsedioe, its internal narrowed 
portion being the part where the measurement is taken. These gauges 
are k^t as standards for repetition work. 

Hose. — Flexible piping of leather or of india-rubber used for the convey- 
ance of water from force and other pumps where the employment of a 
rigid channel of transmission would be inadmissible or inconvenient. 
Leather hose is generally fastened down the seam with copper rivets. 
India-rubber hose is also cemented entire and seamless at a rugh tem- 
perature, in combination with pressure 
Hose Coupling — The mode of jomtmg togethei of the ends of hose pipes. 
Screwed flanges of brass, male and female, are attached to the abutting 
ends by means of copper wire bound around them. Or flanges with 
bolts are similarly attached Or brass clips only are made to grasp 
them. Or a third screwed collar slips over and unites the independent 
ends See Union 
Hose Clip —See Hose Coupling 

Hose Pipe. — India-rubber hose pipe is formed by the alternate winding of 
friction sheet india-rubber aiound a mandrel, and subjecting the whole 
to the vulcanising process 

Hose Eeel. — A drum mounted upon wheels, around which flexible hose is 
wound for convenience of transit. 

Hot Air Engine — A motor m w^hich heated air is the agent employed, 
and of which the essential principle is the alternate heating and cooling 
of the air used It contains provision for the rapid heating of the air, 
which being expanded does work, giving motion to a piston called the 
power piston ; the air is then allowed to escape and passes through a 
regenerator (q v ) to the compression cylmder, where it is rapidly cooled , 
thence back through the regenerator to the power cylmder to undergo 
the same cycle The methods by which the heating and cooling are 
effected and the types of regenerators constructed vary in different 
types of engines, but the principles are the same in all cases 
Hot Blast. — Until tlie year 1828 it had been the universal practice among 
ironmasters to 8m3lt the ore by the aid of a current of cold air pouied 
into the tuyeres But in that year Neilson, of Carron Foundry, im 
Scotland, introduced the practice of raismg the temperature of the 
blast, with a resultuig economy of fuel, hence the distmguishmg term 
“hot blast ” The temperature as now used ranges fi'om 700° F. to 
1,300° F. The iron is inferior and weaker than cold blast iron smelted 
from the same ores, owmg to the presence of silicious compounds in 
larger quantity, and cold blast scrap is always eagerly sought after by 
the dealers. 

Hot Iron Saw. — A circular saw made of thick plate and provided with 
short dimpy teeth, wdiich is used for cutting off iron bars The bars 
are previoudy heat^ to a low red heat, and the lower portion of the 
saw runs in cold water. 

Hot Liquor Pump — A lifting pump (q v ) which is placed below the hot 
liquid bemg pumped, in order that the presence of steam may not in- 
t^ere with the production of a vacuum, which is the case with pumps 
yrorking under ordinary conditions. Feed pumps for boilers never pump 
so great a quantity when the feed water is warm as when it is cold. 

Hot HetaL —Molten iron and brass are said to be hot when their tem- 
perature is higher than that required for the class of work for which 
they are intended. If too hot the sand becomes oxidised and produoea 
. a rough casting. If too cold, the metal does not All up t& mould 
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properly and probably becomes cold shut (q.v ), Thin works require 
hot^ metal than thicks ones to counteract the chilling influence of 
the mould. Hot metal scintillates more than cooled or dead metal, 
and the founder judges of the temperature by its appearance. See 
Breaking. 

Hot Band. — Foundry sand which has been watered and mixed immediately 
after being knocked out of a flask in which a recent casting has been 
made The use of hot sand is mjurious both to the pattern and to the 
mould ; the sand stickmg to the pattern and producmg a bad delivery, 
and the steam m the mo^d causmg risk of a spongy casting Hence 
sand should be allowed to become cold before being used over again. 

Hot Set — A smith’s set, or chisel-Kce tool, made thinner than the cold 
pet (q V ), and used for the mcking and cutting of hot metal. 

Hot Short — A condition of wrought iron m which it becomes brittle at a 
welding heat, so that it either does not weld at all, or welds with ditfi- 
culty. It 18 due to the presence of sulphur 

Hot Tests. — The testmg of the tensile strength of iron and steel bars and 
plates, by bendmg them hot to a certain angle, both with and across 
the grain, without fracture. 

Hot Water Apparatus — The principle is the circulation of hot water in 
pipes due to the difference m the sp gr. of columns of water at different 
ti^peratures. The cold water bemg the heavier drives the heated 
water before it. 

Hot Water Test — A test to which steam boilers are subjected, the use of 
hot water foUowmg that of the cold water test. The hot water by 
expanding the plates tests the soundness of the caulked jomts 

Hot Well.-A reservoir for the hot water pumped out of an engine con- 
denser by the air pump. 

Housings —(1) The framings which support the rolls in rolling mills 
(q.v ). (2) Horn plates (q v ). 

Housing Screws.— Tlie screws which pass through the caps of rail mill 
housmgs for the adjustment of the rolls 

H P. — See Horse-Pow'er. 

Hub — (1) A master tap (q v.) (2) A term sometimes applied to the 

boss of a wheel. 

Hunting Cog.— A device of the old millwrights to prevent the unequal 
wearmg of teeth which is supposed to result when the same teeth on 
wheel and pinion come successively into gear without variation. In 
other words, when the required number of teeth to produce the neces- 
sary velocity ratio is determined on, an extra tooth is thrown into 
wheel or pinion so that they may be primes to each other, or have no 
common divisor. Thus 72 and 24 should be 73 and 24, or 72 and 25% 
The extra tooth is termed a hunting cog. 

Hydrated.— See Anhydrous. 

Hydraulic Bear. — A punching bear (q.v.) m which the punch is actuated 
by the power of water under pressure It consists of a small olstem of 
water, a force pump, and ram, with levers. The cistern is uppermost 
and indoses the force pump, the ram is below it, and immediately over 
the punch which it ac^t^. One lever works the pump, anoth^ lifts 
the ram and punch after the hole has been pierced. 

HydzauUe Belt. — ^An endless belt, made ox woollen material, whidi 
absorbs and holds water readily. The lower bight or bend nms in 
water, the upper bend passes over a puH^. The Wt travels at , a 
speed, the water te the pulley, i^fhen^e it is 
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MydranUe Crane. — crane in which the pressure due to a head of water, 
or to water pressure obtained br punning water into an accumulator, 
is utilised for the lifting of loads. The water is allowed to flow from 
the accumulator into a hydraulic cylmder, or cylinders, to whose ram 
one end of the Ufting-chain is attached , the chain passes thence over 
pulleys to the jib and the load, the purpose of the pulleys being to 
increase the speed of lift beyond that of the rate of travel of the ram. 
The increase in the rate may be 5 or 6 to 1 Hence there is a corre- 
sponding loss of power, such loss being allowed for in the original 
designing of the crane. Neither is there any geanng, but the cham 
passes directly from the sheave pulleys to ^e jib over the top of the 
post. It is usual to work soveralwanes from a single accumulator 

Hydraulic Cylinder — The liftmg cylinder of a hydraulic press into which 
the water is pumped under pressure, lifting the enclosed piston. 

Hydraulic Engine. — See Water Pressure Engine 

Hydraulic Force Pump, or Hydraulic Pump. — A small brass force pump, 
made specially strong for pumpmg water under great pressure for 
testing purposes, or for hydraulic presses It is essentially an ordinary 
force pump, but is provided with a safety valve, and attached to the 
cover of a tank of supply water 

Hydraulic Forging Press. — A form of hammer used for stamping iron 
or steel articles to definite shapes in dies The moving head, which 
corresponds with the tup (q v ) of a steam hammer, is actuated by 
water stored in an accumulator, hence the force exerted is of a com- 
pressive nature rather than that due to impact. The working faces 
may be either flat surfaces, or dies, according to the class of work in 
hand. 

Hydraulic Gauge. — A dial pressure gauge, constructed to sustain and to 
indicate very high pressures Usually gauges of this desenption are 
made for a maximum pressure of five or of ten tons to the inch, or, 
reckoned in pounds, of from 0 to 6,000, or 10,000, or 20,000 lbs per 
square mch. Also, and more correctly, termed a hydrostatic 
gauge. 

Hydraulic Glue. — Glue which has the property of partially resisting the 
action of moisture It is made by dissolving glue in skimmed milk, or 
by adding a little linseed oil and oxide of iron to ordinaiy glue. 

Hydraulic Hammer. — A hydraulic forging press (q v ). 

Hydraulic Jack — A hfting jack actuated by a small force pump inclosed 
within it, and worked by a lever from the outside. Such jacks lift 
either from the foot or from the top. 

Hydraulic Leather. — A cup leather (q v ) 

Hydraulic Lift.— A lift worked by water power, the necessary head being 
obtained from a tank situated in the top of the building where it is 
erected. The water pressure actuates a ram or plunger moving water- 
tight in a cylinder. The cage is attached to the head of the ram, the 
accumulator (q v ) being sunk in the ground. A hft is direct-acting 
when the stroke of fhe accumulator piston is equal to the extreme 
travel of the lift ; or indirect when the stroke of a diort plunger is 
multiplied by sheave wheels and ropes The weight of the hit itself is 
oounterbalanced by weights. 

Hydraulic Motor. — motor whose source of energy is derived frewn the 

' power of water. 

Hydraulic Pipe Prover. — ^A piece of apparatus employed for testing pipes 
water pressure. The pipe to b^ tested is made fftst between stands;^ 
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the flange faces being rendered water-tight by means of india-rubber 
washers, and the water pumped to the required pressure by means of a 
force pump having' an escape valve, and a weighted lever for the regu- 
lation of the exact amount of pressure required. 

Hydraulic Piston. — A plunger piston used m force pumps and hydraulic 
cylinders generally. It is a solid piston, no liquid passing through its 
body. 

Hydraulic Press.— A machine in which the incompressibility and pressure 
of water are utilised to produce an immense effect with little expendi- 
ture of power. It comprises the pressing area, actuated by a plunder 
or ram moving in a water-tight cylinder, and a force pump by which 
the pressure is imparted. See Hydraulic Force Pump Hydraulic 
presses are used for compressmg articles for exportation and for 
squeezing oils, &c., out of their seeds 

HydrauHc Pump — See Hydraulic Force Pump 

Hydraulic Earn or Water Bam. — A machine m which water is raised from 
a lower to h higher level by its own momentum. Water is allowed to 
flow with the velocity due to its head into a horizontal drive pipe sup- 
phed with two valves opemng in opposite directions. The momentum 
of the water soon closes the farthest valve which is made to open inwards, 
and the arrested fluid then opens the other valve outwards and passes 
into a supply pipe provided with an air vessel. Being thus relieved of 
pressure, the inward opening valve falls and the water passes through 
it until it has again acquired sufficient momentum to open the supply 
valve once more. An efficiency of about 70 per cent, is obtamed from 
hydraulic rams. 

Hydraulic Hive ter.— A riveting machine consisting of one movable and 
one lever jaw at whose extreme ends the dies are placed. The movable 
jaw is actuated by cylinders placed in communication— the one with an 
accumulator and the other with an exhaust cistern of water. 

Hydraulics, or Hydrodynamics. — Treats of the motion of liquids, as 
opposed to hydrostatics All questions and problems relating to the 
flow and efflux of water or other liquids in pipes, from orifices, rams, 
friction of hquids, &c , are embraced by hydraulics. 

Hydraulic Shearing Machine. — ^A shearing machine in which water is the 
motive power. 

Hydraulic Test.— The testing of the strength of structures which have to 
sustain high pressures by the forcing in of water from a force pump. 
Pipes, air vessels, steam boilers, &o., are thus tested to about double 
their anticipated working pressure. 

Hydraulic Tube. — The stoutest solid drawn wrought-iron tube made. It 
IS about twice as thick as common tubing, and is used for hydraulic 
pump connections and for high steam pressiuns. 

Hydra^io Wheel Press. — A wheel press in which hydraulic pressure 
is employed instead of that of screw bolts for pulling wheels on or 
off their axles. It embraces cylinder and ram, pump, and gear for 
drawing back. 

Hydro - Carbons. — Compounds of hydrogen and oxygen, either solid, 
liquid, or gaseous. They are organic compounds, highly inflammable, 
and are important constituents in fuels and in lubricating oils. 

Hydro-Carbon Oils. —Mineral oils (q. v.) . 

Hydroohlorie Acid.— Symbol, H Cl. A compound of chlorine and hydro-” 
gen, with water. It is used as a flux for soldering. Dilute H Cl. is used 
eofnetinies f of mstipg metal patterns and the faces of chilling moulds, 
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find for diBsolvinff the scale from boiler plates. Called also muriatio 
acidf and epirita of aalts 

Hydrodjnamioi. — See Hydraulics. 

Sydrogen.— Symbol, H. Comb weight, 1. A gas possessing high oolorifio 
power when in union with oxygen. It is the hghtest known, all 
other elements being referred to it as unity. It is formed m foundry 
moulds by the decomposition of the moisture contained therein, and 
bums at the vent holes with its characteristic blue flame. 

Hydrostatic (Huge — A hydraulic gauge (q v ). 

Hydrostatic Press. — A hydraulic press (q v ) 

Hydrostatics — Treats of the equilibrium and pressures of fluids at rest 

Hygroscopic Water. —Water which is not m the condition of chemical 
combination Applied to fire-clays and other absorbent bodies It is 
capable of bsmg driven off by the application of a moderate amount of 
heat. 

Hyperbola. — One of the conic sections cuttmg the side of the cone at an 
angle less than a parabola The curve of expansion of a gas under the 
conditions of Boyle and Marriott’s law is that of a hyperbola. 

Hyperbolic Logarithm. —The common logarithm of a number multiphed 
by 2 30258505. Conversely the hyperbolic logarithm multiplied by 
*43429448 gives the common log^nthm. Hyperbohc logarithms are 
employed to facihtate calculations relative to the expansive workmg of 
steam 

Hypocycbid. — A cycloidal curve formed on the interior of a base or 
fundamental circle. The curves of the flanks of wheel teeth are com- 
monly hypocycloids 

Hypo theneuse,— The diagonal which joins the sides of a right-angled 
triangle. 


I. 

I. — The usual algebraic expression employed in mechanical calculations 
to designate the moment of inertia (q v.). 

Ideal Engine.— See Perfect Engme. 

Idler. — See Idle Wheel 

Idle Wheel, or Idler.— A wheel introduced into a train of gearing for the 
purpose of fiUmg up an hiatus, or of chanmg the direction of motion 
without influencing the velocity ratio. Called also a cook wheel. 

Igniter. — ^The agent by which the gaseous charge of a gas engine is 
Ignited. It is either a jet of gas or a spiral of platinum wire rendered 
incandescent by electricity or by a gas jet, or some refractory material 
kept constantly heated to a suiOfloiently nigh temperature. 

Ignition. — ^The lighting of the charge m gas engmes, effected directly 
either by a jet of gas or by an elec&c spark, or mdirectly through the 
heating of platinum wire. 

Ignition Slide.— An igi ution valve (q v ) 

lotion, Speed of.— ^e Speed of Ignition. 

Ignition V^ye. — The valve of a gas engme which opens to permit of the 
ignition of the charge, but closes as soon as this is effected 

X.H.P. — ^Indicated horse-power (q.v.). 

The sodden fall of a load upon a beam or struotore. The d^eo- 
wm of beams varies neariv as the vriooitr of impact. 

Impaot W]ieol.--A water wheel which is oriven by the peceoaeiva teet 



MECffAmCAL ENGINEERING. iS) 

of water acting at right angles to the floats, and at a tangent to tha 
circumferenee of the wheel. Turbines (q v ) are impact wheels. 

Imperial . — R drawing paper of ordinary quality, Bold in sheets measur- 
ing ?J0 inches by 22 inches. It can be had either rough or smooth. 

Impermeator. — A form of self-acting lubricator used for engine cylinders 
It charges the steam with greasy matter,, and depends for its efficiency 
on the difference in the specific gravities of water and oil. It is screwed 
into the steam pipe or the valve chest, and consists of a brass cylinder 
containing in we top a chamber and cock for filling in the oil, and in 
the bottom two valves, one communicating with the steam chest down- 
wards and with a small tube of brass reaching upwards nearly to the 
top of the interior of the brass cylmder, and the other leading direct 
^om the steam chest into the bottom of the brass cylmder. The 
cylmder having been nearly filled with oil, the first valve is opened, 
steam* rushmg up through the tube, condenses, and, formmg water, falls 
to tlie bottom, floating the oil up to the top, which overflows into the 
brass pipe, and so affords a constant supply through its valve as long as 
any oil remams in the vessel. In some forma a glass mdex gauge 
affixed to the outside of the impermeator mdicates the height of the fluid. 

Imposed Load — The load which is extraneous tc a structure, as distin- 
guished from that due to the structure itself 

Impregnation. — Timber for outdoor use is impregnated with vEunous fluids 
or salts, to enable it the better to resist the decomposing mfluences of 
the atmosphere. See Burnett’s Iluid, Creosoting, Kyamsing. 

Improving Furnace. — reverberatory furnace in which the foreign com- 
ponents found m hard lead (q v.) are oxidised out 

Impulse. — The term is applied to the motion of the piston of a gas engine 
w'hich is due directly to the explosion of the charge , thus an impulse is 
said to occur at each revolution, or an impulse at every two revolutions, 
as the case may be 

Impulsive Load. — A load applied suddenly to a structure The structure 
18 thus subject to the accumulation of energy due to the impact of the 
load, or that gathered in its motion, m addition to its actual dead 
weight 

Inch. — The English standard of length, usually subdivided into eighths and 
subdivisions of the eighth, as sixteenths, thirty-seconds, &c The im- 
portance of the inch in engineering cannot be overestimated. Areas, 
cubical contents of volumes, are estimated m terms of the square and 
cubic inch. Heads, pressures, are estimated in inches. The weight of 
the solid contents of materials is deduced from the number of cubio 
inches which they contain. The sections of materials are given in 
inches when calccdating their strains and stresses. 

Inch Found. — A unit of calculation signifying one pound lifted one inch 
high. See Units. 

Inch Ton. — A unit of calculation denoting one ton lifted one inch high. 

Inclination of Boilers. — Lancashire and Cornish boilers are inclined for- 
wards about half an inch in ten feet to ensure proper drainage through 
the blow-off cock. Eire bars are inclined backwards about one Jn 
ten to allow of the fuel bemg moved rapidly away from the dead 
plate. 

Inclined Cylinder Engine.— A type of marine engine in which the oylih« 
dera are inclined towards each other at an angle of about 102% maaiijg 
a triangle with the base or ground line* they are connected by cranlm 
to n oammon crank shaft* 
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laclixiod Plftil6« — A plane which is inclined to the plane of the horizon, 
the angle which it makes therewith being termed its inclination. ^ In 
the inclined plane the power bears the same relation to the weight 
which it will sustain that the height of the plane bears to its length. 
Henoo the ^eater the height in relation to the length the greater the 
power which will be required to sustain a «Ven weight. The wedge 
and screw are each examples of common applications of the principle of 
the inclined plane. 

Inoompresflibility —A property of liquids which is utilised for the trans- 
mission of power in hydraulic cranes, hfts, pistons, &c The com- 
pressibility of water under the pressure of one atmosphere is *000048, 
an amount altogether inappreciable in practice 

Increase Twist Drill. — A twist drill m whic’h the angle of the twisted 
groove increases as it recodes from the point in order to afford greater 
freedom of delivery to the abraded fragments 

Increasing Pitch. — A screw is said to be of mcreasmg pitch when the 
distance between each blade, or rather between each siu'cessive turn of 
the helix, supposing the blades were thus prolonged, mcreases in 
amount , or the pitch may increase in the direction of tlie length of the 
blade from the centre to the circumference 

Incrustation — The coating of the internal portions of an engine boiler 
with carbonate and sulphate of lime, and other solids deposited from the 
feed water. Various remedies are employed to prevent and to remove 
this as far as possible 

Independent Jaw Chuck — A dog or jaw chuck whoso jaws move inde- 
pendently of each other, as distinguished from a concentric jaw chuck 
(q.v). 

Independent Machines.— Alludes to the practice now becoming common 
of driving boilermakers’ and the larger kinds of engineers’ machines by 
a small independent engine, so that each machine can be stopped and 
started independently of a main lino of shafting 

Independent Crane.— See Platform Crane. 

Index —(1) The figure above and to the left of an algebraic symbol, which 
expresses the number of times by which it has to be multiplied into 
itself. Also called the exponent. (2) Tlie finger or pointer of a float 
gauge, which indicates the height of the water level m a steam boiler 
or tAiik, 

Index Peg.— A division peg (q t.) 

Indian IxDt. — The Imos of mechanical drawings are done with indian ink 
in preference to common ink, as being less liable to run, and not soon 
fading. It is sold in cakes, and also fluid in bottles ready for use 

India-rubber, or Caoutchouc —The natural juice of a tree called the 
syringe tree {Siphonta found in Cayenne and about the lower 

pai*t of the Amazon River, m South America. It dries on exposure to 
the air, and its property of elasticity renders it highly useful for an 
infinity of purposes. It* is chiefly used in the vulcamsed form, which is 
a preparation of the gum with sulphur, and also variously with sulphato 
of zinc, plaster of Paris, pitch, whitmg. In this condition it is used 
for bolting, hose pipe, washers, air pump, and other valves, &o. See 
also Ebonite. 

I]id.*a*rubbar Bating. — Belting made by subjecting several thicknesses 
or plys of india-rubber cloth to heat and pressure combined, the reqnhred 
temperature being about 280^ F. 

bdit-rgl»ber 0or« Paeking.^-Paoking which is provided with an internal 
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oore of india-rubber ; it is made by painting strips of friction doth 
with rubber solution, and rolling them around an india-rubber or other 
core. 

India-rubber Insertion Sheet.— See Insertion Sheet. 

India-rubber Pipe.— See Hose Pipe. 

India-rubber Bing. — Rings of solid india-rubber of circular cross section 
are used as steam and water tight packings for gauge glasses, and 
sometimes also for condenser tubes and pipe flanges 
India-rubber Bing Joint.— A pipe jomt in which a rmg of india-rubber 
Bupphes the place of ordinary caulking. Accumulator and hot water 
pipes are jomted with mdia-rubber rmgs. 

India-rubber Spring. — Buffer springs (q.v.) are often made of mdia-rubber. 
India-rubber ^be. — Sohd mdia-rubber tube is made by pressing rubber, 
rendered plastic by means of heat, through a funnel-shaped receptacle, 
at the termmation of which is a die corresponding in diameter with that 
of the pipe required, the boro being formed by a centre core in a similar 
manner to lead pipe. It is afterwards vulcanised, a metal mandrel 
being inseried to preserve the sliape. 

India-rubber Washer. — Used for hydraulic work. A flange washer is a 
flat ring , a socket washer a rmg of circular cross section , a bevel 
washer a fiat ring washer, whoso faces are bevelled in relation to each 
other , a joint washer, one made to any outline required. 

Indicated Horse-Power.— (1) The mean effective pressure of the steam in 
an engine cylinder multiplied by the area of the piston in square inches 
and by the piston speed m feet per minute, and the product divided 
^ 33,000, gives the Gross I.H.P , or the power exerted by the steam. 
To obtain the net horse-power, the friction of the engine has to be 
deducted therefrom. (2) The power as denoted by the mdicator (q v ). 
Indicating. — Indicating an engine sigmfles the taKing of an indicator 
diagram (q v ) and deduemg tlie horse -power therefrom. 

Indicator — An instrument used for showing the pressure and behaviour 
of the steam in an engine cylinder. It consists of a piston working 
freely yet closely in a cylmder, the area of the piston bemg exactly half 
a square inch A spiral spnng of definite strength is placed above the 
piston, and the piston rod is connected by levers to a pencil of brass 
wire A drum of 2-m. diameter forms a part of the instrument, and 
this drum receives a semi -rotatory motion from the engine during its 
forward stroke, being pulled back by a spnng durmg the backward 
stroke. The instrument is screwed into the cylmder m any convenient 
spot, usually at the covers, and by means of a stop-cock the inner por* 
tion of the indicator cylmder can ^ opened to the steam m the cylinder 
or to the atmosphere ; the upper side of the piston is always open to the 
air. When the under side is open to the air the line which the pencil 
traces on the paper on the drum is horizontal, givmg the atmospheric 
line ; when tlie steam is admitted below the piston the latter is Word 
up, and the pencil traces a Ime around the mo\mg paper, which indi- 
cates the action of the steam, and from which the pressure at any point* 
of the stroke and the mean pressure can be deduced. 

Indicator Card. — The shp of prepared paper which is wound upon the 
drum or cyhnder of an indicator (q.v.), and upon which the indicator 
diagram (q v.) is traced. 

Indicator Cock.— The cock by which a communication is made or broken 
between the piston of the indicator and the engine cylinder into whidT 

it is scxeired. 
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UtiMtor Diagram. — diagram of work traced by the pencil of the in- 
dicator upon an indicator card. Frotn it are deduced both the behaviour 
axui the mean effective pressure of the steam in the cylinder ^ and thence 
the indicated horse^power. To obtain the mean effective pressure the 
area of the card is divided transveriolv by equidistant ordinates, ten or 
more as most convenient, perpendicular to the atmospheric line, whose 
average lengths are measui^, and the whole added together and divided 
by the number of divisions. 

Isdilforent Equilibrium. — The equilibrium of a body which Ls neither 
stable nor unstable. If when a body is moved longitudinally the 
centre of gravity moves in a horizontal line, as in a sphere, the equi- 
librium is said to l>e inditt'erent 

Zftdireot Acting Slide Valve. — A slide vah e whose motion is not derived 
directly from the eccentric throw and rod, but from an intermediate 
rocking shaft or double-ended lever, atbiehed, one end to the valve 
rod, and the other end to the die block of the slot link. This form of 
valve gear is used on some locomotives. 

Indirect Action. — The motion of parts whose linear stroke or travel is 
not the same as that of the portion of mechanism from which they 
derive their motion. The motion is therefore derived indirectly through 
the medium of lovers, as distinguished from direct action. 

Indirect Prooeia. — ^The mode of production of malleable iron from pig 
iron, as distinguished from the direct process The indirect processes 
include the open hearth or wet puddling treatment, and the ordinary 
dry puddling in the reverberatory furnace. Inferior ores can be 
reduced better in the indirect, than in the direct processes. 

Induotion — The admission of steam into a cylinder 

Induction Port. — The port which is open to the admission of steam into 
a cylinder for tlie time being Each of the steam ports are termed 
Induction ports, in opposition to the exhaust port, or the one through 
which the exhaust steam escapes into the atmosphere 

Incrtia.-^Tliat property of matter in virtue of -which it resists the 
tendency of forces impressed upon it from without to cause it to change 
its position 

Inertia, Xoment of. — Sw Moment of Inertia 

Ingate. — The opening or orifice through which the molten metal is 
poured into a mould Frequently term^ a gate simply Sometimes 
used to include the whole of the passage or runner (q v ) . 

In Gear. — ^^\^hccls are said to be in gear when their teeth are mutually 
engaged with each other, pitch line to pitch Imo. 

Ingot. — (1) Metal after being purified by melting is run into metalhc 
moulds usually containing tlie founder’s brand These moulds arc 
oblong in shape, and the rectangular block of m'^tal ready for re- 
melting is called an mgot. (2) Cast steel before Isung hammered or 
rolled is melted and poured mto an ingot mould («j[ v ) b) render it 
homogeneous. 

Dignt Orano. — A crane U'^ed for lifting steel mgots into the soaking pits 
(q.v,), 

DiMting. — The melting of brass or gun-mctal scrap and pouring it into 
mgots for the purpose of future remdtmg The object of ingoUng is 
iho preparatory purificat on of the metal by the removid of &e dross 
from its surface when molten. 

Xigot Xoald .—The mould in which ingots are cast, varying from the 
small branded moulds for copper ana brass to the lai^ imd massivo 
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iiigiiMs made for casting ordinary steel ingots. These last are conical in 
iormt used for the casting of the steel iiom the ladle or convert^ 
before it is passed on to the rolling mills. Such moulds are made in 
cast iron, averaging from 4 to 6 in., or more in thiohness, ^cording to 
the size of the ingot. They are accurately bored. ^ The ingots may 
weigh from fire to six tons each. Sir Joseph Whitworth casts some 
ingots under a hydrauhc pressure of several tons to the square inch, 
for whicli the moulds are made of special construction — an outer 
cylinder of steel banded with steel hoops, enclosing an inner lining 
of cast-iron lagg^g, which contains within it again a lining of 
refractory maten^. Some moulds also are oblong in section. 

Initial Condensation. — The condensation which steam undergoes when 
issumgfrom the boiler into a cylinder colder than ^itself. Jacketing 
(^.v.) prevents this from taking place The term is employed to dis- 
tinguish it from condensation which takes place in an un jacketed 
cymider, both on the first entry and during subsequent expansion and 
doing of work. See also Re -evaporation. 

Initial Pressure. — The pressure at which steam is admitted into a 
cylinder. 

Injection. — (1) The drawing or induction of water into a steam boiler by 
means of an injector (q.v.). (2) Thepumpmg of water into the condenser 
of a steam engine. 

Injeetion Cook. — The cock through which the supplies of water to the 
condensers of marine engines pass 

Izqaotion Condenser. — See Jet Condenser 

Injection Orifice. — The orifice of the injection pipe in a jet condensing 
engine. Its diameter is estimated in reference to the Quantity of water 
requisite to effect the condensation of the steam Its area may be 
roughly taken at of a square inch per cubic foot of water evaporated 
from the boiler. 

Injection Pipe. — The pipe which conveys the water to a jet condenser 
(q.v.). 

Inieetion Valve.-— See Injection Cock. 

Injeetion Water. — The water pumped mto a jet conden9€r It is drawn 
either from the sea or from the bilge. 

Injector.— An instrument used for affording a continuous supply of feed 
w’ater to a steam boiler. It depends for its efficiency on the principle 
that a jet of high pressure steam, issuing from a boiler at a high 
velocity, will induce a current of cold water to flow into the same boiler 
ag^ainst the pressure of the water in the boiler ; all injectors, however 
their details may vary, act by producing an induced current of feed 
water in this way. 

Inlet Valve.— A foot valve (q.v ). 

In Line. — Work is said to be in line when it is in the same centre, or in 
the same plane. To get several distant points in hue, measurement is 
taken from a known level surface, spirit levels arc tried upon straight 
edg^, or a fine chalk line is strain^ tightly, or a theodolite is employed. 

Intertable Teeth. — A practice introduced of making tooth of large circular 
saws distinct from the saw plate itself, attachmg them thereto with 
icwws. Its advantage is supjioscd to consist in the readiness with which 
brolre n teeth are repmeed. 

laaertiott Joint.— A joint rendered steam or water tight by the insertion 
of an iadta-mbber disc or ring. 

iBtirtlon Bnhber.— Tnloanised india-rubber, In which layers of rubber 
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altemato with layers of canvas. It w nam^ 2, 3, 4, 6, &o., ply, 

according to the number of layers of which it jb composed. 

lllsartloiL Sheet. — Thin sheeting composed of india-rubber and brass 
wire. Used for making steam jomts. 

Inside Calipers.— Soe Caliper. 

Inside Crank.— An engme crank whose position lies between the crank- 
shaft bcanngs. 

Inside Cylinders. — Locomotive cylinders placed withm the framing and 
smoke box and connected up to the cranks. 

Inside Fire Box. — The actual fire box of a locomotive boiler, which en- 
closes the fuel and flame It is usually of copper, and is stayed to the 
outside fire box (q.v ) with short stays. 

Inside Framing. — A form of locomotive framing where the wheels are 
inside the mam frames. 

Inside Oonge. — A paring gouge, so called because it is ground on the 
inside or hollow race. See Paring Gouge. 

Inside Jaw. — The jaw of a lathe chuck which is outside of the work 
whioh it clips 

Inside Lap. — Exhaust Inp (q v ). 

Inside Lead, or Internal Lead. — The lead to exhaust in an engine cylin- 
der, produced by making the length of the hollow of the slide valve 
measure in the direction of its travel more than the distance between 
the exhaust edges of the ports. Its purpose is to allow of the free 
escape of the exhaust steam from the passage. 

Inside Screw Tool.— Sco Internal Screw Tool. 

Inside Tool.- A tunung tool bent at a right angle for getting at the 
internal portions of tunied wc>rk 

Inspection. — All the larger and more important works erected by engi- 
neers have to pass mspection by a properly appomted person before 
the contract is declariHl completed The mspection m the larger con- 
tracts proceeds continuously with the progress of the work, but in many 
cases 18 done only w hen the order is declared by the contractors to be 
com])letod Iiisjieetion to bo thorough, embraces the testing of the 
quality of the materials used, the suitJibihty of the minor details of 
construction to the purposes for which they are designed, the excellence 
of workmanship, both general and minute, and the capabibty of the 
structure or machine. Inspectors are usually men who have had a prac- 
tical as well as a theoretical training, and largo jiower of altering and 
amending minor details, and of condemnmg bad material and work- 
manship, are vested in them In almost all specifications it is stipu- 
lated unconditionally that all work is to bo executed to the satisfaction 
of the inspector, and that ho shall have the power of ordering such 
alterations as ho may d^m nwessary. 

Inipeotion of Boilers.— See Boiler Testing 

Instantaneous Centre.— The momentary centre around which a system of 
bodies or links in a piece of mechamsm may be supposed to rotate for 
an instant Not witli standing that the relative positions of such bodies 
or links may be constantly changing, yet at any instant they will be 
turmng round a common centre, which centre, however, shifts in 
space with each new relative position of the links. The determination 
of the virtual centre, as it is sometimes called, is of use in estimating 
the relative velocity, ratios, and forces aotmg upon bodies. The 
insfaniaimM axis is perpendicular to this centre, the emtrodi is the. 
curve described in space by the instantaneous centre as it trav^ frosii 



MiCHANlCAL ENGlNBUmm, 


m 

one position to anotlier. The term instantaneous is used to distinguish 
it from a permanent centre, or one which is fixed in space. 

Instantaneous Grip Vice, or Sudden Grip Vice. — A vice which is provided 
with levers, a toggle-joint, and rack, by means of which it is enabled to 
clasp work without tno loss of time involved in turning a screw. 

Instroke. — In a ^s engine, is the reverse of an outstroke (q.v.). 

Instrumental Arithmetio. — Mathematical results obtained either by simple 
inspection, or by simple calculations aided by mspection, instep of by 
elaborate calculations. The slide rule, the sector, and the various com- 
putmg scales are the aids to instrumental arithmetic. 

Interceptor. — T -shaped cyhndrical vessel employed in connection with 
marine engines to prevent particles of water from being carried over 
with the steam into the cylinders. The steam in its passage through the 
interceptor meets with a diaphragm plate by which the water is thrown 
down, to be subsequently let off bv a drain cock Called also catch water. 

Interchangeable. — In the best work where several machines or engines of 
the same type are bemg ordered, it is tlie custom to stipulate that all 
parts shall be mterchangeable, so that the delay of marking each section 
and selecting the special parts for each machine or engme is saved. 
Also the manufacturer is bettor able to supply spare parts at a future 
time for the repair of any one of the machines or engines. When any 
kinds of machmes are made m largo quantities by a firm, their sections 
are also interchangeable, so that a piece can bo taken from one machine 
and attached to any other of similar type and size. 

Intermediate. — A term applied to a shaft, pipe, lever, flange, or any 
portion of mechanism placed between other portions of the same 
character with which it is immediately connected. 

Intermediate Eeceiver. — A vessel or casmg employed on some compound 
engines as a steam < hamber or reservoir between the high and low pres- 
sure cyUnders. It is rendered necessary when the cranks of the two 
cylinders arc set at right angles with each other, so that when one 
piston 18 at full the otlier is at mid-stroke. Its effect is also to equalise 
the back pressure in the high pressure cylinder, and to dimmish the 
variations in its temperature 

Intermediate Shaft. — A shaft placed between first and third motion gear- 
ing, actmg as a earner of motion between the two, with or without 
change of power. 

Intermittent Teed. — Tlie feed given to a machine tool, or to the work, by 
means of a pa\%l and ratchet movement, as distmguished from con- 
tinuous feed (q V ). 

Intermittent Ioad.~A hve load (q.v.). 

Inteimal Calipers. — See Caliper 

Internal Corrosion. — See Boiler Corrosion. 

ISitemal Flange. — A flange runnmg round the inner diameter of a pipe 
or cylinder. Used on foundation, and other large cylinders and pipes. 

Internal Fine. — The flue of an internally fired boiler, which is therefore 
enclosed withm the shell. Examples occur in Lancashire, and Cornish, 
and marine boilers 

Internal Forces. — Forces which act between the different parts of a body 
or systems of bodies taken as a whole. These, therefore, are distin- 
gnished external forces, and produce stresses. 

Inten^ Gear. — When spur wheels or pinions engage with teeth set on 
the internal diameter of a ring, the gear is called inteniaL Thif ie the 
reverse of spur gearing (q.v.). 
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Intenial Lead.— See Ineide Lead. 

Intemallj Tired Boiler. — A boiler wliose fuel is burnt in a tube or tubei 
within the boiler itself. Of this type are the Corriisb, witli one flue, 
and the Lancashire, with two fluesj tlie smaller double flues giving the 
same amount of heating- surface without the weakness of the larger 
Mtiglc one. The rnanne utum flue boiler, and the locomotive and 
portable with internal tubes, and the vertical with uptake and cross 
tubes, or Field tubes, are also internally fired. 

Internal Presinre — The pressure on the interior of a cylinder is obtained 
by multiplying tlie pressure in pounds per square inch into the area of 
a plane, which divides it longitudinally through its largest diameter, 
the forces acting on each side of that plane In a cylindrical shell 
the intensity of longitudinal stress is only half as great as that m the 
circumferential direr tion. In a thin spherical sliell the stress is only 
half as great as in a cylindrical shell taken under similar condihons of 
diameter, thickness, and pressure, 

Xnterxuil Screw, or Internal Thread — A screw-thread cut upon an inside 
cylinder. 

Internal Screw Tool, or Inside Screw Tool.— A chaser or a screw tool 
(q.v.) cranked or bkit at right angles, and used for cutting or chasing 
the threads of internal screws (q v ) 

Internal Streisei. — Stresses set up in the internal portions of castings, 
and duo to unequal eontnu*tion caused l>v differences in their mass 
Tlie stresses are tensile in character I'o prevent internal stress, 
regard must be liad to suitable projiortiomijg of j)arts and to propel 
cooling^ v ) 

Internal wheel — 81*0 Annubir Wieel 

Intradoc, or Soffit. — The interior or under surface of an aich 

InTCne Squarec. — Ibe pnnciplo or law of m\erse squares is of very 
general application in engineers’ calculations 1 elating to beams, bai-s, 
and structures. 

Inverted Cylinder — An engine eyluidor in i\hi( li the piston rod is \ ertical, 
and passes downwaixls tlirough the bottom eo\er 

Inverted Cylinder £ngine — A vortical engine m i\hieh the ejlmder is 
invert^, and thercfoie al>ove the piston i-od, connecting rod, and crank 
Sometimes called the steam -hainmei j>atteni Most nianiie engines are 
now built on this type 

Involute Teeth — 'IVeth whoso flunks are formed hy the unwinding of a 
c?ord from a base hue Tliey differ from cycloidal teeth in this, that the 
centres of a pair of such heels may be vanoil within certain limits 
without affecting their true contact and regularity of motion They 
are used chiefly in rolling nulls where the centres of tlie rolls are 
variable. Owi^ to Uie small angle of their tangent lines, it is impos- 
sible to use small pinions with this gear. 

Inward Flow Turbine — Si>e Turbine 

lios.— Symbol, Fc Comb, weight, 56. Tlie mostvaluablc metal in existence. 

It is never found absolutely pure, owing to its avidity for oxygenjWith 
which it oombinea m three proportions, forming Ferrous oxide Fe O, 
Fenio oxide Fe* Oi, and the Muguetic oxide Fei O^. It combines with 
chlorine, forming Ferrous chloride Fe CI2, Ferric chloride Fej Clg ; with 
•ul]^ar, forming Ferrous sulphate Fe SO* + 7 H- O, Ferrous sulphide 
Fo^ and Feme sulphate Fee (SO^)^ , with carbonic acid to form Fer- 
rous carbonate Fe OO3. See Cast Iron, Wrought Iron, Halleal^ OasI 
Iron, Steel, &o. 
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tron Bo]i8gi>'**-Tha borings from the Tnaohine shops are and 

used for the caulking (q.v.) d water-t^ht joints. 

Iron Cement.— The material used for making rust joints (q. v.) It oonsisti 
of iron borings (q.v.), passed through an ^ or sieve (depending on the 
thirknesa of the joint space), and mixed with sal ainmoniao (about an 
f / to the hundredweight of Iwrings) and dHmi)f‘d. Sulphur is some- 
luuiH added. 

Iron Contraction — See Contraction, Contraction Rule. 

Iron Founding — See Mouldmg 

Ironing. — The sleeking or smoothing over of the face of a founder’ smonld. 

Iron Man. — A term applied bj boiler-makers and platers to a riveting 
machine 

Iron Moulder — See Moulder. 

Iron Moulding. — See Moulding. 

Iron Ore — The ores of iron are numerous, compnsing the majmetio, the red 
and brown haematites, and the various ironstones. The heematitea 
yield the best irons, hut the clay and black band ironstones afford the 
largest commercial products. Iot details see the various headings. 

Iron Oxide —See Rust, Ferric Oxide, &c. 

Iron Oxide Paint —Paint used as a protective coating for castinM, pre- 
pared from on iron oxide earth ori^nally found at Brixham, in Devon- 
shire. It 18 prepared for use by mixing with linseed oil, and is cheaper 
than lead paints, while its affinity for iron renders it more suitable as a 
protection for that metal than the ordinary lead paints. 

Iron Pattern.— See Metal Pattern. 

Iron Platos.— See Plato. 

Iron Ropes —See Wire Ropes. 

Iron Sheets —See Sheets 


Iron Stone. — A generic term applied to several ores of iron, having 
different compositions, but possessing the common characteristics of 
being largely admixed with earthy matters lliese are the principal 
sources of commercial iron of English manufacture. See Black Band 
Ore, Clay Band, 


Iron Tubing. — Wrought-iron tubuig which is either welded or solid 
drawn (q v). Weld^ tube is either butt, or lap welded, is thin and un- 
suitable for withstanding high pressures, and is, therefore, employed 
for gas and water, steam at comparatively moderate pressures, also for 


for gas and water, steam at comparatively moderate pressures, also for 
plain handrailing and a multitude of miscellaneous purposes besides, 
wild drawm (q v ) tubes vary very much in thickness, and being homo- 
geneous axe more reliable 

Iron Tumor. — Iron turning is quite a distinct section of engineering, the 
turner seldom or never leaving the lathe to go to the vice, either for 
fitting or erecting His skill consists in proper grinding and setting of 
tools, quick and secure chucking, and a l^wledge of the most suitable 
speeds at which to drive work in different materials and of different dimen • 
sions. A good iron turner commands as high wages as a fitter, but boys 
at low wage now do a vast (piantity of the repetition work of the shc^. 

Iroa Turning. — Iron turning is a most importwt branch of engineering 
work, since all circular bearing parts and revolving and ckee fitting 
work have to be turned in the lathe. Host iron taming as now done 
is effected in slide rest lathes, and the number of men sloUed in hand- 
taming is dbiiinlshlng prqportionatelv. Special turning is dene in 
lathes, from light 4 or 5 m. screw cutting lathes, to ihs 
large break lathes cmploM in whesl toming. 
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Iron Wire. — See Wire. 

Uochrononi. — Literally , equal timed. Signifies the passing of t^nduluiii 
governor through arcs of different lengths in equal time. The nearer 
the governor of a steam engine or other motor approaches to isochronism 
the greater its value as a re^lator of motion. 

Isosceles Triangle. — A trian^e having two sides only of equal length. 

This is the form of triangle formed by the bracing of lattice girders, 
(sothermal Curve. — The curve which represents the expansion of a per- 
fect gas in a closed vessel A perfect ^as, it may be noted, is one whose 
pressure at a constant temperature vanes inversely as the space it occu- 
pies An isothermal curve follows the law of Boyle and Mamott (q.v J. 
Isothermal Lines. — Lines of equal temperature, as opposed to adiabatic 
curves (q.v ) ; produced on diagrams of work under varying pressure 
with constant temperature. 


J. 

J — See Joule. 

lack — A ])K'CO of mechanism employed for lifting heavy loads through 
short distances with a minimum of expenditure of manual power. &o 
Screw Jack, Hydraulic Jack, Bittle Jack, I’npod Jack. 

Jacket — See Steam Jacket. 

Jacket Casing — The easing which encloses tlio steam or water used in 
jacketing ; or more simply the Jacket See Steam Jacket 

Jacketing — Tlie fitting of a ok-am lacket (q v ) to a cylinder for the 
greater economy of heat In some large cylinders the covers also aro 
jai'ketcd by U'lng made hollow, to receive steam, and hollow pistons are 
mad(' with tl (* same objwt 

Jacking Up — (1) Tlio elevation of masses of machinery and heavy struc- 
tures by moans of jacks Blocking pieces and wedges are mserted as 
the work advances (2) Tlie planing off the rough outsides of boards 
with the jack plane is also called jacking up. 

Jack in the Box. — The tool box in jim crow machines (^q v ) 

Jack Plane — Tlie first plane used by wood -workers lor roughing down 
timlier, the cutting iron being more curved than in the other finishing 
planes. It takes coarse and narrow shavings off 

Jag.— A roughed-up, or barbed, or proiectmg |wrtion of metal produced 
by nicking underneath, or in front ol it, with a cold chisel, or with a 
smith’s chisel, or bv casting 

Jag Bolt —A tail bolt W'hose shank or tail is roughed up by jagging. 

Jaggeri ~ Hough projections or studs of a pyramidal or comtalform, cast 
on loam olates for foundiy use. They are simply stamped into tlie 
mould of the plate, their efficiency depending partly upon their 
roughness. Sometimes onlled prods 

Jagfri^. — When a wrought-iron bar, a shaft, or an eye, is cast into a 
piece of w'ork, tlie jiortion whicli is emliracetl hy the casting is 
serrated or not^od in oidcr to prevent it from being pulled out sub- 
sequently. This serration is ten^ J^fiTguig. 

Jammer.— A spring chaplet. 

Jamming. — The sticking of cooks and safefy valves in their seatings, due 
to a wedging action induced by various drcumstancesi Safety valves 
jam bv reason of corrosion or distortion ; cocks throogl too sught an 
angle being given to their plugs, and also to oorrosion. 
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J«m ¥ut.— A lock nut (q.v.). 

law. — An opposing piece in a xnaolune or tool, used for clamping, or 
crashing, or cutting. Vice jaws, the jaws of shearing machines, of 
phers and pincers, of ton^, and of spanners, arc cases in point. 

Jaw Chuck. — A lathe chuck, consisting of a face plate furnished with 
movable dips or jaws, the jaws being moved to or from the centre with 
screws, and held fast with clampmg screws. Called also dog chucks, 
and the jaws, dogs. 

Jaw Kut — A lock nut (q v ) 

Jemmy — A short crowbar (q v ). 

Jenny — See Block Carnage. 

Jet — The current of water which issues from an adjutage (q.v.). 

Jet Condenser. — The older form of condenser m which the steam is 
Condensed in a closed box, by means of a spray of injection water 
scattered from a jot 

Jib — The strut or thrust member of the framing of a crane. It is 
always in compression. It is either made in wood or lu wrought iron ; 
either rolled joist iron, or braced angle iron framework, or a combination 
of both being employed. 

Jib Crane — A crane provided with a jib or compression beam, as dis- 
tinguished from an overhead crane, or shear legs, or a crab, or a 
winch. 

Jib Legs — Timber legs pivoted to tlio jib pin of an accident orauo, and 
reaching to the ground ; they atford a firm and broad base to the 
Jib when liftmg, and so prevent the crane from ovortummg. When 
not in use they are shipped over the side frames. 

Jigger Saw, or Jig Saw. — A thm narrow- bladod saw to which a reciprocat- 
ing motion m the \ crtical direction is imparted by a cr.irik and lovers, 
used for the same purposes as band saws. In workshops the latter have 
mostly superseded the fonner, and small jig saws are now almost 
entirely relegated to the use of tlio fret worker 

Jil Harrow — A barrow without sides, being simplv a flat carrying surface 
provideti with handles and a wheel, or wheels. Used lor cany mg 
castings from the foundry, and about the shops. 




Jim Crow Xachinei. — Metal planing machines, dnven by a screw and by 
pulleys and wheels of equal sizes, and in which, the table having no 
quick return, the tool box is revolved round by cords, to out in with 
directions Jim crow alludes to the rapid whisling round of the tool 
box at *he termination of the stroke. Sometimes called jaok-m-tho- 
box machines. 

Jimmy. — A short crowbar (q.v.). 

Jinny. — ^The travelling or block carriage of an overhead traveller from 
which the bight of the chain, and the snatch block depend. 

Joggle — A projecting pm on a castmg for the purpose of affording 
steadiness to it when set in place. Used chiefly in castings which are 
bolted upon timber, the timber having a shallow mortice cut to receive 
the jogne. The latter, as a rule, is of a rectangular form. A raised 
ndge which receives the thrust of a plummer bl^k or other hearing is 
also called a joggle. 

John Bull. — ^A strong bar of wrought iron having a flat square foot at 
one end, and a short movable bar sliding at rmht angles along the 
body and carrying a set screw for a^ostment. It is used to take the 
tbrut of a ratchet brace during hand driXling, the foot being bolted to 
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tlie work or ic a beocb, azi<1 fbe movable bar receiving the throet ol 
the end of the brace. 

Joint# — Very many kind# of joint# are made in engineers’ work, for 
wood, and metal, and moulds, including glued, dovetailed, red lead, 
ruft, planed, riveted, welded, sand joints, &c , described in their 
places. 

Joist Board. — A turn -over board, used not so much for the purpose 
of keeping a pattern true durmg the prt>ces8 of ramming up as to save 
the moulder’s time in making sand joints, though the term is applied 
loosely to turn-over boards and bettom Wards The partem is laid 
upon the board, and the face ol the board without the pattern is made 
to the contour of the intended joint, and the sand in the flask being 
rammed thereon receivee the joint contour 

Joisting.— J ) In moulders* woiJc, j’ointing signifies the dividmg off of the 
various portions of which the mould is composed. This is commonly done 
by the intervention of a thin layer cf sand Wt^^ecn the mould parts, of a 
different quality from that used in the Wdy of the mould itself Joints 
of drawbacks arc sometimes made with sheets of interposed brown 
paper. (‘2) The jointing of iron pipes is done with rod le^ and boiled 
cjiI when flange face# are brought together , lointingof sockets is eftected 
with molted lead, or with gasket, cr with india-rubber rings. Hydraulic 

i oints are made with sal-ammoniac and iron borings, piston joints ior 
kvdraulic work are made wnh leather pressed into the form of a cup, 
piston joints for steam with a metallic expanding ring 
Joint Pin. — A pin connecting the two parts of a knuckle joint (q v ) It 
is prevented from moving out of place bv a spht pm (q v ) 

Joint King — A ring employed for the making of water-tight pipe joints. 
It is usually a ring of lead whose faces are slightly hoDowed out, 
so that when the ring is squec'zed between opposing flange faces 
by screw bolts it is slightly flattened and fills up all unevenness on the 
surface. 

Joint Washer — See India-rubber Washer 

Joists — Rolled wrought -iron girders of an I section, employed for a 
varietycif pui^ses in constructive engineenng 
Joule.— Tlio unit of heat, so called after the experimentalist who demon- 
strated the relations between heat and work. A joule is equal to 772 
foot pounds and is designatod by a J in mathematical calculations. 
Journals. — The turned portions of shafts, or those parts which revolve in 
tha bearings. 

Journal Box — Sometimes applied to a bearing or an axle box. 

Joy’s Qaar. — A form of valvo gear in whicli no eccentrics are employed, 
the valve rod bring worked directly through a couplmg rod or link 
from the conneoting rod. Iho necessaiy travel is imparted by causing 
the up and down or oval movement of the coupling link to move a 
die block to winch one end of the ^'alve rod is attacliea, that end sliding 
up and down in a slot link mo\ mg in a fixed centre, and plaoed at an 
angle with the rod* The i'e\crsal of the engine is effected by alter- 
ing the direction of the angle of the slot link about its fixed centre. 
Jumpar^ or Monkey — (1) A smith’s hammer, oyliiidnoal and solid in 
form, ausmmded from a chain and swung tlierefrom, battering-nun 
fa^on. It is used for dealing blows against the ends of rods laid 
horiscmtally for the purpose of jumping them up or upeetting them 
(2) The sj^ks or aomtillations which ny off Irens moltsn iron in the 
laue are luao termed jninpm. 
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lamping In —The forcing^ or springing in of the packing, or spring 
ring of an engine piston into its cylinder, 
lamping Vp — The same as upsetting (q v.), in allusion to the repeated 
knocking of the end of a bar of iron down upon ihe anvil in om&r to 
thicken or increase the diameter of the heated portion, 
lamp loint — belt joint made by brmging the ends together end to end^ 
and then ki.mg ; it is therefore a butt joint, 
lonotxon Valve — An ordinary two-way valve which unites two pieces of 
piping 

lank Sing. — A ring of cast or wrought iron screwed down on one face 
of the piston of a steam engine or pump, and by moans of which the 
gasket or rope packing which surrounds the piston is pressed against 
the cylinder bor* rendering the contact water or steam tight. 


K. 

Kaon Pine, often spelt Kowiie, Cowne, Kaune, Cowdie. (LammaiaAm* 
trah») — A New Zealand wood of the natural order Comfette, It is an 
excellent wood for pattern work, being largo, straight grained, silky 
and smooth in fibre, and standing well. A cubic foot weighs 32 lbs. 

• Sn. gr. *512. 

Keelsons. — A name given to the wrought-iron saddles or standards upon 
which marme boilers rest. 

Keeper. — The lower movable stop or bearing in an axle box. There is no 
bearing of the axle on the keeper excepting when the engine or truck 
18 hfted up for repairs. Hence it is hollow^ out internally. 

Kentledge. — The loose balance weights supplied with a balance crane. 

Kerf. — The width of the cut produced by the teeth of a saw, the cut itself 
being termed a saw kerf The w'ldth of the kerf depend/s on the 
amount of set (q v ) given to the saw teeth. 

Key. — (1) ITie wedge-shaped strip of iron or steel used for preventing 
wheels from slipping round upon their axles. A flat is filed upon the 
shaft and a groove cut through the eye of the wheel, and these are brought 
opposite to each other so that the key prevents the one from slipping over 
the other. There is no wedging action sideways but only raoially. A 
sunk key is one which is sunk into a recess in the shaft instead of nmply 
lying upon a flat surface, and is used where ^^reat tension is present A 
key which allows 'of a wheel sliding along it for the purpose of being 
thrown m and out of gear is called a feather (2) Keys are tiie wooden 
wed^ which are dnven between a rail and its chair. The timber of 
whi^ keys are made is compressed before being out, for the same reason 
that trenails are compressed so that thc^ may swell bv the subsequent 
abeorption of moisture from the atmosphere, and so hold tightly. (3) A 
square spanner or wrench used for tightening the screws of lathe chocks 
and other parte. (4j A two-pointed prong 1^ which the joints of tew* 
ing compasses are tightened. 

Key jM— S ee Key VTaj. 

Key Boss.— A small swell or projection cast on the outside of the boss of 
a wheel or puller, opposite and outside the key way, m order to main- 
tain the same thickness of metal around that as around the central lufie. 
Without this addition the cuttixig of the kay war would become a 
mice ol weahneia. 
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Key Ohnek. — A jaw chook whose screws are actuated by a key or s^uara 
spanner turning the square heads of the screws. 

Key Hole Saw.— ^ Pad Saw. 

Key Screw. — A spanner or screw wrench. 

Key Seating. — A key way (q v ). 

Key Stone* — The c€*ntro voussoir or crown of an arch. 

Key Way, or Key Bed, or Key Seating. — A shallow recess cut through the 
eye or bore of a wheel for the reception of the key (q.v ). 

Key Way Tool — A slotting machine tool used for the vertical cutting of 
key ways, the wheel lying horizontally upon the table of the machine. 
The tool is cranked so that the cutting edge stands out in front of the 
shank, and the width of the cutting edge is the same as that of the 
key way to be cut 

Key 'Wrenoh. — A screw wrench or spanner (q v ). 

Killing. — Tlie addition of zmo to spirits of salts or hydrocliloric acid 
(q V ) to form a chloride of zinc, as a flux to remove the oxide from sur- 
faces which have to bo soldered 

Kiln. — A furnace in which the ores of iron are calcuied m order to drive 
oflP the carbonic acid previous to smelting. 

Kilo. — Abbreviation for kilogramme. 

Kilogramme. — A standard French measure of weight containing a thou- 
sand grrammes (n v ). It is ocjui valent to 2 2046 English jxmnds 

Kilogrammetre. — A French unit of work, being equivalent to a kilo- 
gramme lift(*d one metre high. 

Kilolitre. — A French mc'jisuro of capacity, containing a thousand litres 
(q.v.), and l>eing equivalent to 220 00 English gallons 

Kilometre —One thousand French metros (q v ), corresponding with 
30,370*79 Enghsli inches, or 3280 9 feet. 

Xinematioi. — The study of the laws which regulate tlic actions of bodies 
in motion. 

Kinetic Kner^.— Sec Energy. 

XingPoit.— Tiio central upright in a roof truss against which the rafters 
abut, and which supjxuts the tie beam 

King ^d. — An iron tension rod which in an iron roof truss takes the 
place of the king post in a wooden roof truss, depending from the ndgo 
and uniting wiw the tie rod. 

Kingitone Valve — A w mg ^ ulve used on board ship for condenser water 
suction, and for boiler blow-off. It opens towards the sea, but is self- 
closing in case of fracture of the spindle. 

King Txuts — A truas formed with a king post. 

Kink. — A sharp bend or angle produced in a piece of metal by a blow or 
a strain Also the getting out of place of chain links, so that they 
form a knot or bunch. 

Kilh* — The name given to the black scales of gniphite, w*hich separate 
and float on the surface of a slowlv cooling mass of molten iron. The 
whole of the scum is also called kish, 

Kita Connaoting Kod.— St»c Bow Connecting Eod. 

Knaa. — ^An elbow pipe. The difference between a knee and a bond is that 
in n knee the branches meet in an angle, in a l>end they merge into 
each other with a curve. ( 1 ) A curved or angular piece of ^mber or iron 
oonneoting two portions of work togetlier. (2) A togglejoint (q.v.). 

Knife Kdra.— The bearing edges of weigh bridjre lex ers. ^ey are made 
of hardened steel, and the edges are formed by the meeting of two 
feoat sloping towards one another at an angle of about 90^* 
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Knife File.— A file of triangular or thin wedge-shaped section siniilar to 
that of a knife. 

Knife Key. — A kejf with prongs for tightening the joints of oompasses, 
hut containing, m addition, a rigid knSe blade at the opposite end, and 
a file placed intermediately. 

Knooker Out — A term often applied to the horns (q.v.) of a planing 
machme, agtunst which the tappets strike. 

Knocking. — The noise caused in a pump on the reversal of the motion for 
suction and delivery when no air wessel, or an air vessel of insufiieient 
area, is provided. 

Knotting — A compound used for filling or covering knots to prevent 
absorption of oil pamt. It is composed either of shellac and methylated 
spirit, or naphtha, or of red lead and glue 

Knuckle Joint — One in which an eye at the end of a rod is embraced by the 
forked end of a second rod, the two being connected with a joint pm (q v ). 

Xowne Pine —See Kaun ^ne. 

Kyanising. — The preservation of timber by impregnation with a solution 
of corrosive sublunate or chloride of mercury, Hg Cl 2 The propor- 

tions are one pound of sublimate to ten gallons of water for maximum 
strength, or one pound to fifteen gallons as a minimum About twenty- 
four hours per inch of thickness are required for saturation. 


L. 

Labourers. — Unskilled labour is largelv employed in most of the depart- 
ments of engmeering In the foundry the labourerH turn out the cast- 
ings, water and mix the sand, haul about the flasks or moulding boxes, 
attend to the cranes, do the box fUlmg, &o. In the tuniing, flttmg, 
and crectmg shops, they wait on the mechanics, attc nd to tho cranes 
and haulage gcnerallv. In the boiler shops they hold up tlie dollys, 
and lift and hold up the plates at the machmes. In tho smiths* shop 
tho hammer-man or striker is the sole labourer In the yaid the work 
connected with the package and haulage of finished woik is done by 
them. 

Lae. — See Shellac, 

Laos — A strip or thong of white leather used for uniting the free ends of 
leather beltmg See Leather 

Lacing. — The union by means of laces of the ends of leather belting used in 
driving machines. The distance around the pulleys being taken, the 
belt is made to overlap in a loop somewhat smaller than that given by 
the actual measurement m order to allow for after stretching, and 
the overlapping ends are pierced with holes through which tho lace is 
threaded, belt screws have, however, largely superseded laces for this 
purpose. 

Lacquer.— A varnish applied to metal work to protect it from tho tarnish- 
ing infiuences of tho atmosphere. Its basis is shellac (q.v ), which is 
di^lved in spirits of wine ; colouring matters are added. The article 
to be laoouerM is wanned and tho solution applied with a camel-hair 
banish. A recipe for a brass lacquer is as follows : shellac, 8 ozs. ; 
aandarae, 2 ozs. ; annatto, 2 ozs. ; dragon*s-blood resin, i 02 . ; spirits 
of wme, 1 gallon. 

Ltddsr.— A swies of mud buckets (q.v.) which m carried up and down 
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in An oblique direction, for 6mpt3ring and refilling in dredging 
oneratione. 

Ladle. — ^An cmen iron vessel lined with some heat-resisting substance, as 
fire-clay. Used in foundries for pouring the molten metal into the 
moulds. Ladles vary in size from those holding half -a -hundredweight 
to those carrying twelve tons or more. The smaller sizes are hand 
ladles, the larger ones are moved by the crane. The difierence between 
a ladle and a crucible is that m the latter the metal is not only melted 
but poured therefrom, while the fanner is only a temporary receptacle 
for metal which has b^n melted elsewhere 

Lagging . — This has several significations When boilers and en ginc cylm- 
aers are cleadod (See Clcadi^) with wood strips, the stnps are called 
lagging or lagging stnps The strips of oak which extend from end 
to end, and form the peripheries of large winding drums, are termed 
lagging. The simi’ar p eces with which the patterns of engine cylin- 
ders and pijics are built up, are so desi Mated The process of fitting 
of such strips is also termed laggmg, or lagging-up 

Lake and Gamboge — Used m combination to indicate copper on sectional 
drawings. 

Laminated. — Denotes generally the condition of thin sheets, fibres, plates, 
strips Frequently applied to Uio character of the fibres of iron, and 
of metallic bodies, and stnictiu’cs 

ZAminated Plates. — Plates of wrought iron are said to bo laminated when 
there is a lack of homogeneity and perfect union of the various layers 
of whicli they are composed Laminated plates are apt to blister when 
used for steam boilers The presence of imperfect union can be tested 
by tapping with a liammer 

Laminated Spring.— A cun < d spring composed of thm plates superimposed 
one over tlio other, os distinguished from hehcal and coded springs 

Lamp Bend. — A wrought-iron bend pipe, one of a hose arms departs from 
a curve, Iwing straight for some distance. Its form is such that the 
pipes which it eoiineeis stand at an angle greater than a right angle 

Lanoaehire Boiler — A lionzoutal, eylindncal, intenially fired bDiler, 
having two flues. 

Lanoaihire Files.— The sroallor clastei of files are made in Lancashire, 
but most of the ordinary files come from Sheffield. 

Land ]^iler. — Used m oontradistinetion to marine boder, hut more oom- 
monly understood of boilers built into bnokwork, as of the Conush and 
Lancashire type, rather tlion of locomotives and portables, which are a 
typo in themselves. 

Land Engines. — A tenn frequenUv employed to distinguish ordina^ 
stationary engines from those of manne and looomotive types. It 
d^gnates no typo of engine in particular, whether horizontal, v^iical, 
beam, or otherwise, or high or low pressure ; but the term, as originally 
employed, had more special reference to the various forms of oondeusing, 
beam, and pumping engines. 

Lantarn Brass.— A hollow brass sometimes introduced mto the stuffing 
boxes of engines, and supplied with steam, so that m the event of leakage 
ticcurring it ahall be that of steam instead of air 

Lantern Frame Pattern —A t>pe of myerted cylinder c^igine in which the 
cylinder standard is columnar or lylindrioal m outline, hollow with^, 
and pierced at the sides with op^inga reaching neuly to the gnida 
fadn^ The orosshead works in the bore of the cxdoiBn, and iheetaak 
bearmgs are cast in the base. Itisaiigidandolieai^lgcmof staadai^ 
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Lantm Wheel ~An old-ladiloned tjpe of oog-whed used in mills. It 
was formed by round pins or staves, arranged equidistantly between two 
discs of bald wood, wbich discs were kept at a distance apart, exceeding 
by a small amount the width of the teeth of another, or mortice wheel, 
which engaged with the staves. The staves are driven fast into holes 
bored in tne disc Sometimes called a trundle or trundle wheel 

Lap — (1) A body of soft metal, such as lead, tm, or brass, which forms the 
matrix or support for the emery powder or punuce powder used in 
gnndiDg surfaces of hardened st^l, chilled iron, or other substances too 
hard to be attacked with ordinary cuttmg tools It is usual to make the 
lap of the some outlme as the work to be ground. For the commonest 
work, laps made of load are employed, for the better class tm is used, 
while the finest laps are made 01 soft brass (2) The amount by which 
B sbde valve covers the steam port at the termination of the piston 
stroke, consequently the lap of a valve mdicates the amount 01 cut- 
off of the steam in the cvlinder (See Exhaust Lap and Outside Lap ) 
(3) The extent to luch the joints of nvoted plates pass one over the other 
The amount of lap should not be more than one and a half times the 
diameter of tlie nvet, measured from the centres of rivets to the edge of 
the plate, (t) A single turn of a rope or chain around a barrel. 

lap Circle — The circle on a lap diagram (q v ), whoso radius repiesents 
the lap (q v ) of the valve If the laps are unequal there will be two 
lap circles. 

Lap Joint — A joint produced by the overlapping of contiguous faces of 
metal 

Lapped Valve — A slide valve provided with lap (q v ). All valves as now 
made have lap, but m the early days of the steam engine there was no 
expansive working and consequently no lap. Hence the term 

I*apping. — The polishing and truing up of spindles, bearings, and circular 
bi'anng parts generally, with laps of lead or other material. 

Lap Biveting — When the edges of two plates are placed one over the 
other and nvetod, this is termed lap riveting, to distinguish it from butt 
rivctmg (q v ) 

Lap Weld — A joint which is welded by the overlapping of plates, the 
overlapping edge.s bemg thinned down fi)r the puriKisi* (»f maintaining 
an even thickness 

Lap-welded Tube — Malleable iron tubes for steam and water pijies are 
lap welded, that is, the plates overlap one another at their joints, instead 
of merely abutting at the weld 

Lard.— Us^ as a lubricant of good body, eitlier alone or in combination 
with a lighter oil. 

Last Coat. — The smooth or finishing coat of loam applied to a loam 
pattern, mould, or core See Rough Coat 

Latent Heat —The quantity of heat which (^n be (4>mmunicated front 
one body to another without chaug^g its temperature , or that amount 
of heat which -does not raise the tempcfrature of a body but effects its 
fusion simply. Hence called the latent heat of fusion. 

Lateral Strain — A strain which bears against the side of a structure, 
being essentiaUy a transverse strain. 

Lateral Traverse —The amount of end plav (q v ) allowed to the trailing 
axles (q.v ) of locomotives in order to facilitate their runnmg round 
sharp curves. It may avera^ IJ". 

Lath. — A sMp of wood need for the precise marking off of distanoee , 
oentEe% Ac., directly from, or upon work, in preference to rule measure- 
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mezit. Heasurement is not taken from the ends, but from one line to 
another scribed across the face of the strip. Thus engineers take laths 
of Talve faces and cylinder ports for comparison, and as a permanent 
record of dimensions. 

Lathe. — A machine employed for the production of circular work. The 
work is either suspended between the centres of fast and movable 
heads, or attached to the fast head or headstock alone, through the 
intervention of chucks of various kinds. The cutting tools are either 
actuated by hand, or are held in a slide rest, which is either moved by 
hand, or is automatic. The heads and the rest are supported on a bed 
or borers. Lathes are actuated by the foot alone, or by power, and 
they are constructed for hand turnmg, or are self-actmg. The size of a 
lathe 18 given m the height of the centre above the face of the bed, and 
in the length of the bed. Almost all mechanical operations c in be per- 
formed m the lathe • turning, boring, drilling, slmping, screw cutting, 
dividing, besides those outside the range of engineer’s work and which 
come imder the head of ornamental turning. 

Lathe Bearers — ^The sides or cheeks of a lathe bed. 

Lathe Bed — The longitudinal support for the heads and the rest of a 
lathe. Lathe bods are made in wood or metal, and usually consist of 
two bearers, cheeks, or shears When made in wood they are of 
rectangular section, but when in iron are of I or girder section, united 
into one casting by cross pieces or nbs. The top faces and otlgos of the 
cheeks are planed, and in lathes fitted with self-acting sUde rests, the 
outer edges are of a Vee’d section, so forming a guide for the saddle of 
the rest. Occasionally small latlio beds are fonned of a single shear of 
a triangular bar section. Bods rest at their ends uix>n standards. 

Lathe Can — A soap suds can {q v.). 

Lathe Centre Grinder. — An emory-whool driven from overhead, and used 
for grinding the hardened conical points of lathe centres m place. 

Lathe Cheeks. — The sides of a lathe bod. 

Lathe Dog, — A carrier (q v.). 

Lathe Heads. — Tlie headstock (q v ) and poppet (q v ) of a lathe 

Lathe Planer. — A piece of mechanism sometimes attached to a lathe for 
tlie surfacing of metal by rectilmear cuttmg. There are several forms 
of lathe planers, mostly cumbersome, not very accurate, adopted almost 
ezclusivmy by amateurs, and mostlv unnecessary, since plam surfacing 
can be done on the ordinary face chucks. 

Lathe Shears — The sides of a lathe bed. 

Lathe Standards —Stout A frames of cost iron provided with ribe, 
flanges, and feet, to form the supports of lathe beds They rest on the 

g round and are bolted to the under side of the bed at the ends. In the 
rgor lathes tliere may be one or more intermediate standards besides. 
Lathe Tools — The tools used espooially in connection with lathe work, 
embracing not only those special to the lathe, but many others besides. 
For wood work they embrace the gouge, chisel, round nose, side tools, 
diamond points, and partmg tools. For motal work, roughmg down, 
and flnishmg tools of various shapes, and ground to difiercnt angles 
for the turning of oast and wrought iron, steel, and brass Besides these 
there are various gaus^, calipers, punches, drills, reamers, &o. 

Latha Work. — ^Has ret^renoe to the woik commonly aooomplished in the 
lathe, wbioh embraoes jmctioally almost all branches ot meohaaioal 
opwations. See Lathe. 

LatUika.-*8ee Treblee. 
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XAttiee. — ^Dlagonal braoing, forming stnits and ties. 

Lattioe Bari. — The bars forming the struts and ties of a latUoo or open 
frame girder. 

Lattice Girderi. — Girders of wrougbt-iron made by uniting top and 
bottom angle irons ivath lattice work or diagonal bracmg, the other 
flanges of the angle irons being attached by riveting to top and bottom 
plates 

Lattice Jib. — A crane jib built up with wrought-iron lattice bars 

(a-v ) 

Lattice Web. — A girder web made by latticing, as opposed to a plated 
web, or a web built up by a single system of triangulation, as in a 
Warren girder. 

Latticing — Tlie combination of two or more systems of triangulation 
m an open webbed girder. The number of apical points being propor- 
tionately increased, the weight is distributcHl over a greater number of 
sections, and tlie stress in each diagonal reduced in proportion to the 
incrcaw' in the numlier of tnangulatioiis. 

Laws of Motion. — The laws of motion as formulated by Newton arc throe : 

« — First law, every' body continues in its state of rest or of uniform 
motion in a straight Ime, except in so far as it may be compelled by 
impressed forces to change that state , w^eond law, change of motion is 
proportional to tlie impressed force, and ta’ e i)laco in the direction of 
the straight line in which the force is iinpitHsiHi , third law, to every 
action there is always an equal and contrary reaction, or the mutual 
actions of aiw two bodies are always equal and oppositely directed 

Laying- down Board. — A bottom board (a v ) 

Laying Out — The setting out or marting out of work to full size. 
Usually apphed more especially to the de^eloplnont of boiler-makers* 
and platers^ work. 

Lay Shaft — A small secondary shaft, which is placed beside, or at the end 
of a hoi i/on till engine, for the purpose of actuating the valves. It is 
driven from the crank shaft by means of bevel or spur-whetds. 

Lead. — Symb Pb. ; wimb weight, 206 4 , Hp gr , 11 3. A bluish grey 
metal used in engineering work as an ingredient in brass and gun 
metah ui solders for making the joints of cast-iron pipes, and in the 
form of tubing for a variety of purposes. 

Lead Glance.— Galena (q v ). 

Lead Hammer — A hammer made of lead and occasionally used for the 
same purpose as a copper hammer (q v.). 

Lead Lap — See Lam 

Lead Letters. — See Pattern Letters. 


Leading Axle — The front axle of a locomotive. 

Leading Edge. — That edge of the blade of a screw propeller which cuts 
the water, as distingui^ed from the following edge (q v ). 

Leading Hand — A workman who, by reason of his superior skill, occu- 
pies a leadmg position in his shop, to whom the best work is given, and 
w'ho is looked up to by the remainm^ hands. His wages average a few 
shillings weekly over those of the other men. 

Leading Screw, or Guide Screw. — The screw which runs lon^tudinally in 
front of the bed of a self-acting lathe, and whose pitch is the mrst 
factor in the cutti^ of screws ; occasionally called a main screw. 

Iicading ^^rinspi,— The springs which carry the axle boxes of the leading 
whe^ of locomotives ana rolling st^k, and which sustain and 
miniguae the shocks due to concusaon. They usually consist of about 
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«ieel plates (A about 16 x | in. section, the largest bdng 
tinker, ox say i in. 

Leading WtaeeU . — The front wheols of a locomotive 
Lead Joint. — Lead joints are used in pipe coiiiiections. Sometimes a 
sheet of lead h:' nnt wed up between flanges, but tlie employment oi the 
metal ismore fommou iti socket and spigot joints The lead is ponred 
between the socket and spigot and hammered or stomiued down ; that 
is, driven closely home with a dntt and hammer 
Lfad Line — The left-hand vertical line in an indicator diag^m which 
represents the amount of opening to lead 
Lead of a Valve — The amount by which a slide valve is opened at the 
tennination of tlic piston stroke for the admission of steam for cushion- 
ing It varies from in in slow miming, to ^lu. in quick running 
engines. 

Lead Fainti. — Ordinary paints, so called because their basis is white 
lead. 

Leaf Wood — A term used to designate all tmiber not included in the pine 
or coniferous family. 

Leakage — The loss of teed water from steam boilers. It is due chiefly to 
the expansion and contraction of the plates caused by alternate and 
sudden heating and cooling, which produces opening ot the seams 
and rivets In some (.asc® leakage is due to joints bemg onginally 
difficult to make, or to bad workmanship 
Laaning Threads — The threads ot screws where one side leans over more, 
or makes a greab^r angle with the longitudinal axis tlian the side 
opposite. Such SCI ews are seldom used except in special cases where 
the pressure is always in one direction. 

Lean-to Eoof — A roof which has only one slope. 

Leather — A material widely ust'd for Im'IIs (q v ) for dn\ung machuicry. 
It is used single or double, single beltiug ranging from Ii-16 in to 5-lb 
in. in thickness, and double from J in to | in Its ultimate strength 
(q V ) is Iroiii 3,000 lbs to 5,000 lbs per square im h ot section. The 
leather is spliced, cemented, or uiiit^ by sewing to make up the 
necessary length, and is Anally laced (st‘e Lacc)oi sciewed in the work- 
shop to unite ilie tree ends 
Loather Belting — See Leather. 

Leather Laoe — Sc*t Lace. 

Leatheri. — Tlie packings, and certain portions of the valves of pumps 
See Cup Loatlier, Hat Leather, Flap \\l>e, IT Leather, &e 
Leather nollowi. — Strips of leatlier largely uschI by pattem-makei*s to 
form the hollow’s in wood patterns. Tlie rt*ason why they are preferred 
to hollows made of wood is tliat the time occupied in laying them 
around curved portions of work is much less than that occupied in 
cutting wooden hollows. They are cemented m with a special compo- 
eition supplied with the hollows 

Leathex Hoie.— Hose pipe made of leather, and either cemented or sewu 
down the Joint It is the best and most durable. See Canvas Hose, 
Bublxu* Hose 

Ltft-IULiid Engdue.^- An cn^e which stands to the left of its fly whe^ 
when viewed from the end of the cylinder. 

Lalt-hiad 8orev> — A screw which turns from left to right, or in the re* 
verse direction to a common wood screw. 

Ialt4uttd Taola. — Side tools ground to an angle on the right hand sid^ 
and which, therefore, out from left to right. 
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Mt^iasd Twist ]>riU.-A twist drill in which the twist- runs from left to 
right up the diank. 

Lengtheniug Bar. — An appendage to compasses used for drawing pur- 
poses. It is a brass leg or shank whicli is made to fit into tlio socket 
of the compass leg at the one end, and o\or tlie ^tem of tlio mk or pencil 
point at the other , its pui’pose being tht^ adaptation of the ouinpaas to 
the measurement of long distances, or the striking of arcs of large 
radius. 

Lengthening Bearers. — Castings or wooden cheeks made to attach to the 
poppet end of a lathe bed to extend it for a temporary purpose, as the 
turning of a long rod or shaft. The poppet being slid over the lengthen- 
ing bearers the longitudinal capacity of the lathe is increased in propor- 
tion to the length of the bearers 

Let In — A shop term, which signifies the sinking in of one portion of 
wood or metal into another. Ihus, rapping plates are let in to patterns, 
brass rings are let in to sluice cock faces, &c. 

Letters. — ^ Pattern Letters. 

Letting Down. — The lowering of the temperature of hardened works 
down to the colour which indicates the temperature at which tlioy are 
to be quenched for tempering. 

Level — (1) Truly horizontal. In a horizontal plane. (2) A spirit-level 

(q v) 

Levelling. — ^The bringing of wroiight-iron and steel platt^s sujierficially 
true preparatory t-o working and cutting them out They are levelled 
by the striking of blows dehvered from a hammer or wooden mallet 
Sw Levelling Block. 

Levelling Block — A large flat cast-iron plate stiffened on its under side 
with flanges or nbs upon which plates of sheet iron and steel are laid 
while being levelled It is used by boiler-makers and platers. 

Lever — A ri«d bar turning upon an axis or fulcrum The anus of a 
lever are those portions of the bar standing away from and pivoting 
round the fulcrum The amis are straight or bent , m the former 
( ase it IS said to be a straight, in the latter a bent lever The pnnciple 
of the lever is that the product of the power multiplied into the len^h 
ot its arm is equal to tlie product of tint weight multiplied into the 
length of its arm A lever of the first kind has the fulcrum between 
the power and the weight. In a lever of the second land the power 
and the weight are on one side of the fulcrum, the weight occupying 
the intermediate position In a lever of the third kind the power and 
weight are on one side of the fulcrum, but the power occupies the inter- 
mediate position. 

Lever Box, or Lever Bracket — A hollow casting which carries the vanoue 
levers connected to the motions of a crane for slewing, lifting, 
travelling, &c. 

Lever Bracket. — A lever box (q v ) 

Lever Clrack. — ^A concentric cnuck actuated by a lever instead of screws. 

Lever Drill — A form of drilling apparatus similar to a ratchet brace 
(q.v.) but without the ratchet, the lever in this case passing through a 
hole in the piece which cames the drill socket 

Lever Jaek. — A form of jack compris ng a simple lever for lifting, and a 
standard for support. 

Lever Frets — A form of press used for the compression of substances for 
export and other purpoeee. It ie acted upon by a lonff lever. 

Lever Pnmft .^The air and oiretilating pumps of marine engine# which 
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8M oommonly worked by lorcra driven from the cross heads of the 
piston rods 

lersr Safoty Valvs —A safety valve weighted through the intervention 
of a lever, as distinguished from spring, and Cowbum valves. See 
Safety Valve Lever. 

Iiswif —A contnvance for lifting stone and concrete blocks by means of 
dove-tailed irons atbi(;hod to a shackle piece. These fit into an under- 
cut dove-tail in the stone, and are tightened by means of a wedge 

Lewis Bolt — A bolt having a jagged and tapered tail Used for inser- 
tion into masonry, where it is held with le^ 

Life. — Expressive of the total period during inhich a structure remains 
efficient. 

Lift, or Holst, or Asoending-room. — (1) An apparatus used in workshops 
and warehouses for elevating heavy weights directly to the uppiT parts 
of the building witliout the intervention of stairs A lift consists of a 
platfonn or a rectangular cliamber earned up by means of hand power 
or steam, or liydraulic pressure (2) Tlie upper part of a mould which 
is lifted oft or taken away from the pattom is called the lift. 

Lifter. — (1) A moulder’s tool, usually called a cleaner. It denves its name 
of lift(*r from the use to whuh it is put in lifting loose fallen down sand 
from the lK>tt/oms of flange and nb moulds. (2) Lifters, or gaggers, aro 
hooks of cast iron or wrought iron which are hung from the bars of a 
moulding Ixix into th(' mould, m order to afford support to the sand. 

Lift Hammer. —An old-fashnined smith’s hammer, winch is lifU^d by a 
spniig pole oV(*rlicad, and deprensod by the placing of the ^^orkman’8 
foot on a trt'adle The hamiiuT, tlio ovorh(‘ad polo, and the treadle are 
alike comioct(Hl to a pivoted honzontal bar of ^ood Sometimes called 
an Oliver or bolt oliver. 

Lifting. — The raising up or springing of the top part of a mould, c^iused 
by the Inpud prissurc duo to the head of the molten metal The tendency 
to lift iM countiTactcd either hy senjw bolts connecting the lop and 
bottom Ik)X(* 8, or by dead weights, or by lioth combined. The tenn 
lifting is als<i ap])lusi to the drawing of a pattt'm out of tlie mould 

Lifting Blocki.— (1) rucking pii'ces put under the bcadstock, jxippet, or 
rest of a lathe to incToase its capiuuty for a temporair purpose They 
may bo either wimkI or metal ptvckings. (2) Pulley blocks (q v ) 

Lifting Ironi, or Lifting Stra^ — Pieces of sheet or hoop iron attached 
by moans of s 'rows to tlio sides of deep wooden patterns, to enable the 
moulder to withdraw tliem from the sand. 

Lifting Jack , — See Jack. 

Lifting Platof. — Plates of wniught or malleable oast iron fumisluHl with 
holes both for rapping and screwing, and let into or screwed on the 
faces of patU'nis ; and by whicJi they are lifted fnun the sand, a lifting 
aorow being inst'rtod mto tlie tapped hole m the plate. 

Lii^ng Pump — See Suction Pump. 

Lifting Bma. — ^Thc smaller ram of the two in a hydraulic forging press, 
and which lifts the croashcad tnd tup after each stroke. 

LU^g ierew. — Used for lifung patterns from the sand. It is a round 
metal rod, having an ordinary screw-thread out at its lower end, and 
bwt into a loop at the end opposite. The screw is turned into a tapped 
h^e in a lifting plate, and the Anger, or a crane hook, inserted into the 
loop for the puipise of lifting or pulling it upwards. 

Lifting Straps.—^ Lifting Ixona. 

Llftiag Tiaokla.— ^ Taokle. 
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lift YaI^. — A oirotilar disc valve fitting on an iwnular seating, and 
guided in its lift by three or four feathers projecting into the body of 
the seating. Also called puppet, and mui^iroum valve. A lift valve 
has a full waterway (q v.) when ^e amount of its lift is equal to one- 
fourth its diameter. 

Light Cut — In metal work a out is said to be light when the shavings 
removed are thin and narrow. But a out which would be a light one 
when taken off a large piece of metal would be a heavy one if tAen off 
smaller work. 

Light Firing, or Open Firing. — The making up of a thin fire, caking it 
on the dead plate, and frequent renewal of the charges. 

Lighting Chamber. — See Firing Chamber 

Lighting Cock. — Tlio jet by which the charge in the cylinder of a gas 
engmc is fired 

Light Oil. — A thin oil (q v ). 

Light Banning. — A wheel and axle, a lathe crank, an engine shaft, 
or journal of a shaft, are said to run light when there is the minimum 
of friction duo to good boaring surlace, good fitting, and proper 
lubrication 

Lignites — Brown non-caking coals containmg a large proportion of 
water 

Lignum VitSB (Guaxc^on ojfkvtah ,) — A wood of the natural order Zygophyl- 
found in Jamaica, Cuba, and St Domingo. It is ot a dull 
brownish-green colour, hanl, and cross- gmined, the fibres interlacing at 
various angles The heart wood is chiefly used, and its uses in 
engineenng are for the liningH of the shaft bearings of propeller 
screws, and turbines which work m and are lubneated by water alone. 
A cubic f(xit weighs from 40 to 80 lbs Sp. gr. from *65 to 1 33. 

Lime — Symbol, Ca O. Sp gr. 3 18. The oxide of the metal calcium, 
obtained bv burning limestone in a kiln It is an ingredient m con- 
cretes, in limestones which are used us fluxes, and is present as car- 
bonate and sulphate in the incrustations of steam Iniilers 

Lime Bag. — A hnen or mushn bag containing hmo powder, used for 
dnstmg on the lower j'omt faces of foundry moulds and on the tops of 
cores before lowering the top flask part on The hme touches and leaves 
an impression on the upper mould face if the joints are close, but non- 
transfer of the lime indicates openness of the joint, which the moulder 
sets himself to see the cause of, and to rectify 

Limestone — Carbonate of lime Symbol, Ca COj. There are numerous 
limestones, their value to the ironfounder consisting in the property 
which they have of rximbming with tliO infusible siliceous and earthy 
matters m the ore and the pig, and tl^ jproduciiig r aodily fusible com- 
pounds Their value to the consists in their property of 

cementing tog€*ther to form concrete blcKsIcs. 

Limiting Angle of BofisUnee. — The limitiiig angle of resistance signiflee 
the angle of repose (q.v ) 

Uait of Elaitioity. — ^ ^stic Limit. 

Limit of Weight — In the manufacture of bar iron, beams, and plates, 
there are oertam definite weights ordinarily manufactured. Beyond 
these weights it is understood that special quotations are necessary. 
Bui the limit of weight applies to particular houses only, de];>cnding 
upon the nature of the plant wluch they possess 

Linear Advmneo. — ^The direct measurement which represents the amount 
by which a slide valve is set forward for lap and le^ beyond a line 9<r , 
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of 4116 crank. The lineair admioe ia maasoxed on tbe iboava 
igmM with ita centre. 

tiimx T6bal^.---The vd(xd< 7 withiHbidh a body mores aloi^ a |»ih, 
either straight or curved, the body meanwhile not changing its position 
relaiivdy to ita axis. The body simply undergoes a motion of transla- 
tion. lonear velocity, when uniform in character, is usually measured 
by the number of feet moved over in one second. 

Lina. — (1) A mathematical abstraction which has neither breadth nor 
thickness, but only length. (2) In meohanics, an affix or prefix, as 
centre line, chalk line, line of centres, in line, pitch line, &c , &c. 

Lina €k>loiirs. — ^Draughtsmen’s colours used for drawing Imes. Black is 
the colour for actual definition hues Bed is used for section lines, and 
bine for dimension lines (q v ) 

Lina Xeasurement. — Measurement taken by means of the divisions of a 
rule, as opposed to end measurement (q v.). This is not an accurate 
mode of measurement. 

Lina of Action. — The line of action of a force is the direction in which it 
acts upon a material point, which lino must be straight 

Line of Centres. — ^When a crank and its connecting rod are in one plane, 
or when a coupling or other rod is in one plane with the pins which it 
connects, they are said to be in the lino of centres. See Dead Centres. 

Lina of Chorda. — See Chords, lane of. 

Lina of Lines. — Soe Linos, Lino of 

Line of Pressures. — See Diagram of Work. 

Line of Volumes.— See Diagram of Work 

Liner. — (1) Tho bush of a pump barrel or of a cylinder (2^ A thm stnp 
of metal, leather, or wood, placed between parts of xnaciiinery m order 
to permit of the taking im (q v ) of their wear, and generally to permit 
of exact adjustment or oi letter bearing. Liners are put underneath 
brass bearings to raise them up, and thus compensate for the lowenng 
down due to wear (3) Tho weanng surfaces of friction clutches are 
sometimes lined with oopper. Timers are inserted between the feet or 
fianges of eooentno roos in the operation of valve setting. Marine 
engme propeller shafts, are provided with brass liners where they run 
tlirough tho stern bush. 

Lines, Line of. — A scale of ccjual parts on the sectorial scales, marked L, 
by moans of which proportionate distances can be obtamed by direct 
measurement. Bv combined lateral and transverse measurement, both 
equal and unequal proportionals can be obtained, hence scales of equal 
parts, and reduced or enlarged drav mgs can be made therefrom. 

Lino Shafting — The main shaftmg in a factory, to distinguish it 
from the shorter intermediate countershafts (q v ] Line shifting is 
common^ run at from 90 to 100 revolutions per minute 

liningf.— Cements jiropared from fire clay or from ganister ; used for 
oovering the interiors of foundry ladles, cupolas, blast furnaces, and 
convert^, to protect their outer iron casings from the action of the in- 
toose heat. 

Uniu Out.— The marking of the wcsrldng lines on castings and forgings 
with soribing blocks and compasses ; called also marking out, and setting 
out. 

Lining The introduction of packing pieces under bearings to com- 
pensate for their wear* 

Liu— ^ Slot Link. 

Link Anungement, — ^An anrangenunt of a hnk and sliding block com* 
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Tifiiriiiy Up. — ^Altering the ^sition of the slot links in an engine fitted 
idth expansion gear, in oraer to produce an earlier out-ofi. The li^ 
28 raised and lowered by means of a hand wheel and screw, and byits 
means the amount of lap of the slide valve is altered. 

Tiair Motion. — ^The arrangement of levers, and slot and drag links, 
whi^ch the position of a slide valve in relation to the oylinder ports is 
rejfolated tor backward or forward gear. Called also reversing gear. 
\eary many kinds of link motion are m use 
Tdnk Beversing Motion. — The ordinary type of reversing motion for 
engmes, effected by one of the forms of slot links operating on the two 
eccentrics, as distinguished from reversal provided for by the direct re- 
versal of a smglo eccentric on its sliuf t 
Link Work. — A term somotinies apphed to the motion work (q.v.) of 
engines, sometimes to the coupling or connecting rods of wheels and 
cranks. 

Linseed Oil. — The oil expressed from tlie linseed or seed of flax. When 
boiled, either alone or with litharge, or white load, it acquires the pro- 
perty of drying rapidly, and is therefore used m the ccunposition of oil 
paints The clear bouod oil is brushed over castings, when they come 
from the foundry, to prevent them from rusting previous to inspection. 
This IS done because the oil being transparent will conceal no defects, 
while paint would cover them up. 

Lip —(1} The mouth of a foundry ladle, from which the metal is poured. 
{2) The nicker or lanoet-hko edge on a centre bit or similar tool, 
wnich cuts the circumscnbing cirde during the process of boring. 

List Pot.— A vessel which oonUinsa layer of molten tin about ^ in. deep 
and in which the list or thickened run of a tmnod plate is placed to effect 
its removal. When melted the list is detached by a blow on the plate. 
Utro. — The Standard French measure of capacity. It contains 61*02705 
cubic inches. It is the cube of a decimetre (q.v ), each of whose sides, 
therefore, measures 3 03708 English inches, and it contains 1*7607 Eng- 
lish pints, or *2201 gallons 
Live Axle. — ^A dnvmg axle (q.v.). 

Live Head. — A term sometin:^ applied to the headstook (q.v.) of a lathe 
in opposition to the poppet (q v.) or dead head. 

Live load — ^When a structure is subjected to the alternate and often 
repeated imposition and relief of weight, the term live load is used to 
dis^^;iiish it from a dead load (q.v.). Also the neatmr the ttaisn of 
variation of stress, and the greater the number m repetitiems of 
load, the more severe will the straining actions become, and hence larger 
factm of safety are required in the case of stmotnres subject to live, 
than in those imbject only to dead loads Called also variable load. 

Idye live ring consists of a number of conical rollers arranged 

in drole between an outer and inner ring of flat wrought iron, into 
which the ends of the roller spindles are mstened. In some oases the 
roUers almost fill m> the ring, and then th^ are not provided with 
spindlee. These rollers are employed for turntable centres chiefly. 

Live Bailer. — ^A roller which does not revolve on a iq^indle. but is free to 
move around or along its path. Live rollers are used for tomtabla 
oantrsi^ and the slewing motion of largo cranes. 
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Ukft SpindU.—A spindle which oornmnnioates motion, as the mandrd of 
a headstook or live head (q.v.)* 

liTS Steam. — ^Tho entering steam in a cylinder, as distingiii^ed from 
that which is exhausting. 

Load* — The total amount of weight home by a structure tending to 
deform or break it, its own weight included. In the case of a moving 
body it includes tlic reaction due to friction and inertia Loads are 
classed as live loads (q.v.), dead loads (q v.), impulsive loads (q.v ). 

Loam. — Strictly speaking a stiff impure clay, but as the term is employed 
in foundries it signiftcs a mixture of clay, sand, and horsedung, ground 
up with water in a loam miU (q.v ), and used m loam work Though of 
sufficient consistence when cold to l)0 struck up to any desired outline 
by means of the chamfered edge of a loam board, it dnes hard when 
exposed to the heat of the foundry shive. 

Loam Board. — A board having an edge cut to the outline of the sectional 
shape of the work width it is inhmdcd to strike up, the edcro being 
chamfered also in thin kmfe-hko fashion to prevent the loam from 
being dragged out after the board. Tlio term loam board is applied to 
boards for sinking both patterns and moulds. 

Loam Brlok. — A cake of loam made roughly to the size and shape of an 
ordinary brick. These are used for budding up those portions of loam 
moulds where the unyielding nature of the common bncks would 
cause the costing to break by preventing its due contraction when 
cooling, and also in wises where it is proliablo or desirable tliat some 
portion of the brick framework may have to be cut away dunng the 
progress of the moulds 

Loam Cake. — A flat slab made of loam (q v ) and dned. Used to form 
the face of a flange or similar expansion, or some portion of a draw- 
back, or as a convenient piece from which a portion of a mould or of a 
pattern can bo cut with lacihtv with saws and rasps and glasspaper. 

Loam Mill. — A mill essentiallv like a mortar null (q v ), but employed 
for the mixing of loam (q v ) for foundry use. 

Loam Xould. — A mould made in loam. 

Loam Xoulder — An iron founder whoso work lies chiefly in the making 
of moulds m loom or dry sand, in opposition to moulders who work in 
green sand. Loam moulders do not use complete patterns, but strike 
up their work with the edges of loam boaa^ while the loam is in 
a plastic state. Loam moulds, unlike green sand moulds, have to 
be dried before the metal is poux^ in. 

Loam Xonlding — ITie process of moulding in loam (q v ) as dis- 
tinguished from green sand moulding (q v.) 

Loam Pattern. — liarge patterns of a carculnr or segmental outline which 
can be produced by the aid of stnckles or of loam boards are often 
made in loam, and moulds art' taken from them as from ordinary wood 
patterns. 

Loam Plato — A flat plate of cast iron list'd to foiro the base or foun- 
dation for striking up a lotiin mould (q \ ). It is usually provided 
with projecUug lugs around its circumference by means of w hich it is 
lifted, and with gaggors or prods on its surface to hold the loam 

Loam Work. — Work moulded in loam. It is usually considered more 
difficult than work in gr^ sand (q v.), and loam moulders command 
the higher wages. It is spociaily adopted in oases where perfect 
soundness of castings is required, and also where it is desired to save the 
cost of a pattern. 
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Loek Hut— A ihin nut screwed down upon another. It» purpose is to 
preyent the slacking back of the main nut under excessive vibration. 
Loek Saw.— A pad saw (q.v.). 

Loek-up Safety valve* — ^A safety valve whose spring is enclosed in a 
padlocked casing. 

Locomotive.— A steam engine complete with its boiler, its fittings, and 
mountings, fixed in a carnage or framing, and provided with suitable 
wheels, aides, buffers, drawbars, &c., to enable it to draw loaded 
wagons upon the permanent way. 

Locomotive Boiler.— See multitubular boiler. 

Locomotive Crane. — A travelling crane propelled by steam, either driven 
by a pair of cylinders independently of tnoso which actuate the lifting 

f ear, or by means of club^h work connected with the engine shaft. 

roperly speaking the former aro locomotive cranes and the latter 
travelhng cranes merely. 

Locomotive Hoist — See Carriage Hoist. 

Log — (1) A balk of timber, cither squared or rough. (2) The logarithm 
(q V. ) of a number 

Logarithms. — A senes of numbers which have a certain relation to the 
natural numbers, and by which arithmetical calculations are facilitated. 
Logantlims are the indices of numbers m gooinetncal progression 
Long Columns. — Wlien tlio length of a column ex(‘(‘ed8 its diameter by 
from 2d to 30 times it comes under the category of long columns, whicli 
yield under pressure by bending alone, in the same manner tliat a beam 
supp<^rU‘d iit both ends will yield 

Long Q-Valve, or Long Valve — A long slide valve u^od is some of the 
older l>eam engines, so called because it extondi'd over the ports at 
each end of the n lindor, the ports being situated near the ends of tho 
cylinder to avoid the \vast(>* of sU^am consequent upon long passages. 
Longitudinal Elevation, or Side Elevation. — A view showing ilie side of 
a structure, as distinguished from its end view. 

Longitudinal Scams. — The 8c*ams or joints lunniug lengthways in a 
boiler Tliey should always be made tt> break joint , never be put ** in 
line.” 

Longitudinal Section — A sectional drawing taken through a structure 
in the direction of its hmgth 

Long'toothed Gauge — A gauge with a movable tooth or marker used 
for ^uging lines which are not in the same piano as tho stem. The 
head is maae long to permit of variation in vertical movements corres- 
ponding with those of the marker. 

Long Valve — See long 0*valve 

Loom Centres. — Heads very similar to lathe poppets, provided with screw 
mandrels, and centre pomts. They are used as supports for some classes 
of work, both when being linen out and when being shaped on a 
planing machine. Hence called manhine or planer centres. Tho 
centre hues, and keyways of shafts when suspended between these 
centres are marked with a scribing block , lines and distances are 
also marked off and squared up from a surface plate or marking- 
off table When clamped or bolted to a planing machine table the 
work between the centres can bo partially or completely rotated to bring 
different sections under the action of the cutting tool, so that both 
circular and irregular shaping can be done in a piling machine by the 
uae ol loose centres. 

Lmm CcapHng .— a shaft coupling which ia made capable of initaut die* 
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connection, ei^ier \fj claw mgaffetznents or hy frictional ciirfaoec, af 
dittinfl^ilcl^ permanent or last oonplinga (q.v.)- 

Low Sooeatria. — A aingle and adjnatable eccentric flheaye used for 
reyeraing’ engines wliimi are not proyided witli the ordinary link 
reyersing gear 

X4H>S6 Oland. — A form of gland used in making the joints of hot water 
piping. It is a loose ring furnished with two lugs and bolt holes, and 
IS dim>od oyer the spigot end of a pipe. An india-rubber ring is then 
plaoM in front, the spigot is slid into its socket, which has corre- 
sponding lugs and bolt holes, and the two are bolted together. The 
iron ring fitting loosely around the spigot allows of expansion, while 
the india-rubber ring makes the joint watertight 

Ii00sening.<^Kapping (q.v.). 

LooseniiLg Bar — A round and pointed bar of iron used for rapping 
patterns 

Lojste Pieces —Certain portions of pattern work, which standing out 
lioyond those faces which have to be lifted in a vertical direction, cannot 
drawn along with, and at the same time as the pattern, without 
dragging up the superincumbent sand, and are therefore attached 
loosely or temporarily during ramming, being afterwards withdrawn 
sideways into the space left by the mam pattern. Sometimes pieces 
are made loose in the top to lift with the top box and be afterwards 
withdrawn. Loose pieces are held during ramming with dowels, 
skewers, or dovetails. 

Loess Pulley.— The idle or carrier pulley of a pair, on which the belt runs 
when the machine which the belt has to drive is not in use. When the 
machine has to bo driven the strap is sliifted fiom the loose to the 
fast pulley (q v.). 

Lony, or Lur^. — A low truck used for running loads about on yard and 
other tramways. 

Less. — In mechanical exchanges there is no actual loss (see Conservation of 
Energy) But it is customary to use the term loss to designate the 
difi^erence between tlic calculated or theoretical and the actual work 
obtained from a mechanical arrangement, the loss being duo to the 
imperfeotions of tlio arrangement. 

Loss of Head. — ^Tlio diminution in the weight and pressure of a liquid 
column. Loss of head is due to the friction of long pipes and to the 
presence of quick bends. 

Lom of Heat. — This is due to transmission by conduction, or by radiation 
In engine boilers, cylinders, and steam pipes this is reduced by the prac- 
tice of oleading (q.v ) or feltmg (q y.). 

Lost Xotion. — 'Hio dmerence in tlio rate of motion of driyer and diiyen 
parts, due to bad or loose fitting, slips, &c. The term is frequoitly 
used in reference to drill spindles, beltmg, &c. 

Lost Pass#— The backward {Viss of a bar or rail oyer the top of a two 
hia^ mill (q v.) which is not provided with reversing motion. 

Low Broait whoM. — See Breast Wheel. 

Low flashing Point. — An oil is said to have a low flashing point when U 
will take fire at a low temperature. 

Low fmsing Point— A low freexing point is a valuable p r o pcar t y in a 
lubrioating oil in England and in the colder climates, i^ce bearings 
m less UaUe to become gummed than when the oil freezes readi^. 

Low Xoor.— The best quality of wrought-iron plate manufacturod In Urn 
TTnited King^lom is made at Low Moor, iu Yorkshire. 
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XfOW Preit. A workshop abbreTiationy signifying the low-pressure oylin* 
der in a compound engine. 

XiOW-preMure blinder. — ^The larger cylinder in a compound ena^e into 
which the expwded steam exhausts from the high-pressure <^under. 

Iiow-pretture Engine. — An engine which exhausts its steam into a 
condenser 

Low-pressure Steam. — Steam which is either below or but a few pounds 
in excess of the atmospheric pressure 

Low Bed Heat. — In forged work is a colour roiTesj)onding with a de^free 
of temperature midway between a black red heat (q v ) and a bnght 
red heat (q v.). It may be roughly taken at 1,290’ F. 

Low Water Alarm. — An apparatus which is used to announce when the 
water in a steam boiler falls to a dangerously low level In modem 
practice the water grange (q v.), try cocks (q.v ), and fusible ^lugs 
(q V ) are the only indicators of water level used. In the old boilers, 
arrangements of floats and weights were employed, by which, at low 
water, a jet of steam was directed against the steam whistle, or some- 
times a float and index board alone were used. 

Low Water Safety Valve. — A low water alarm (q v.), which is con- 
structed to discharge the steam when the water falls below a safe level. 

L*Eeit. — A lathe rest for hand turning made in the shape of the letter I , 
the head on which the tool rests being flat and short, and the leg whi^ 
fits in the socket being of the usual lengrth. This rest is useful for 
short work whore the ordinary X-rest would be too long, and for 
attaching to a slide rest for temporary hand turning. 

Lubricant — An unguent intepwsed wtween two bearing surfaces to 
prevent them from coming into actual contact, and becoming abraded 
bv tlieir mutual friction. The lubricants are commonly oils ana tallows. 
When bearings are submerged in water the latter furnishes the means 
of lubrication There are certain qualities which a good lubricant 
should possess, the first of which is, that as compared with others, a 
minimum quantity of heat only should be i^enerated during a maximum 
num})er of revolutions In addition to this a lubricant should have a 
low freezinpf point, so as to remain fluid all the year round ; a high 
flashing point (q v ), m order to diminish the risk of spontaneous com- 
bustion (q V ) ; freedom from excessive tendency to giimming (q.r.), 
and from acid, which is generated in some bad oils to the injurious 
corrosion of the beann^ and other parts with which it comes in contact ; 
suitable body or viscosity for heavy or bght machinery, as required ; 
good power of capillarity, to insinuate its way between b^rinn ; free- 
dom from rancidity ; and durability and umformity of ac^m. All 
these qualities are capable of being put to actual test, and the highest- 
priced oils often pro\e to be the cheapest in the end. 

Lubrication. — The distribution of an unguent over bearing surfaces to 
preserve them from the heating which results from the friction of sur- 
faces in actual contact. The nature of the lubricant selected will 
depend altogether upon its suitability for the particular purpose for 
wmch it is aeaigned, the lubricants having most bodjr being chosen fw 
heavy machinery, the light thin oils for light machinery. A thin oil 
would be squeezed out of a heavy bearing at once, and a thick oil 
would demand an increase of driving power to overcome ite visoodty. 
liuhrioa^on is effected hy various oil cans or oil feeders, sdf-acting or 
otherwiae, described under their various heads. 

XttMeator. — A coutrivanoo for mxppijiag a regular amonnt of eH cr 
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or hmnng. It ift oomiiiilos ol needle loxi&f 
li^ii^aknjp^of wire e^wungto the jounial acts as a earner of from 
alt inserted glaaa receirer, wnoae month ie closed with a bit of tube* 
Hhe feeding takes |)laoe partly by capillary attraction, partly by the vi- 
bration ol the shafting. If the oearmgs become heated the oU is rea- 
died more fluid and flows easier. See Axle Box, Impermeator, &c. 

Lug. — ^An ear or projection upon a casting for the reception of bolt or 
other attachments. 

Luminosity.— Luminosity is due to the radiation of heat, the intensity of 
the heat rendering visible the radiations of the different coloured rays ; 
at a red heat the rod rays are visible, but at a wliite heat all the lays 
of every colour are blended and visible The shades of lumino'^itv vary 
from a black red (about 1,000° F.) to a white heat (about 2,700“ F ). 

Lumps. — Special fire bricks, made expressly for the linings of blast 
furnaces. 

Lurry. — A lorry (q v.). 

Lustre. — Metallic luHlro is due to the reflection of the bght rays from a 
Hm(M)th surface. A rough surface, being made up of a numl>er of 
minute sui faces, reflects and scatters tlie rays of light ; a smooth sur- 
face reflects tJicm almost wholly ba(k Hence the lustre depends upon 
the density of a material, and upon the degree of smoothness or polish 
im])artod to it 

Lntei. — Tlio materials used for rendering air-tight those vessels which 
have to be exposed to the heat of a melting furnace, as crucibles, 
annealing pots, &o Stourbndgo clay in powder, made into paste witli 
water, and loam, are used. 

Luting. —Luting is tlio mode of connecting pipes, or tulios, oi vessels 
to pisnont tho cntrur.eo or escajK) of gases. In brass foundries 
orucibh'ri are often luted by phicing an empty one over the one con- 
taining tho metal, or by phiciug a cover on it. 


M. 

M. — Tho Greek letter /i, tho symbol of the coefficient of friction. 

Maehine. — A machine may ho dcfliiod as an assemblage of parts, some 
fixed, others movable, by which motion and force are transmitted. 

Maohina Oantrei. — See Loose Centres. 

Maohlua-out Pat tarn. —The teeth of the change wheels of lathes ar© 
either cut out by a wheel -cutting machine or are cast to shape from 
patteixLS. In the latUT case tho patterns themselves are cut m a 
machine, wood patterns not being sufficiently reliable. The wheels 
made from machine-cut patterns are the better of tho two, tho hard 
akin which results from contact with the sand rendering them more 
durable than the others. 

Maakiua Outtart. — Usually understood not of cutting tools, but of the 
vaiioua milling wheels, reamers, &o. 

Maaktui Brilliug. — ^Tho drilling of work under a power-driven drilling 
m ac h i ne . All light wrork, all repetition work, and much of the heaviest 
work is done under a machine. In exceptional caeee hand drilling 
(q.T.) is resorted to. 

Kaokiua VauadaUoaa. — Maohinee doing heavy work, driUa, planing, 
•lottingi idiaping, piiiioliing» ahearing, and othar machinea of this ekim. 




tsn Ixdtod to of stone or oonorete, tail Wts 'being 

ffintr into the ioondation to whioh the znachine bases are bolted* 

llanlunMioiiIded 'Wheels. — Cogwheels, both spur and bevel, moulded 
by the aid of a machine, and m the making of which section^ portions 
omy of a pattern are necesspy. (See Wheel-moulding Machine.) The 
essential pattern parts require are a tooth block containing two teeth 
and a core box for spur wneels, and striking boards also, in addition to 
these, for bevel wheks. The wheels have the advantage of great accu- 
racy of pitch and cleanliness of surface. They take longer in moulding 
than those made from a pattern, hut their superiority to these enhances 
their v^ue, notwithstanding that the cost of a pattern is saved. 

Machine Moulding. — This embraces the mouldmg of wheels and ordinary 
work by the aid of special machines. In the wheel-moulding machines 
the pattern teeth alone are carried round an exact and measured dis- 
tance after the rammmg up of each successive tooth, and the ramming 
is done by hand. But in most mouldmg machines for common work 
almost all the work is done automatically, even to the jamming of the 
sand in some cases, so that all the moulder does is to actuate the lovers 
and finally clean and close the mould 

Machine Biveting. — Rivetmg performed a single application of steady 

pressure at the same instant upon the tail and the head of a rivet. 

Machinery — Machinery compnses the various machines in a factory. 
These are assessed at a definite sum, and a certain amount vritton off 
their value each successive year for depreciation (q v ) It is usual iii 
estimating the charges on work to enter a definite sum per day for the 
use of each machine, to cover the cost of depreciation. Tins may range 
from a few shillings to a pound or more. 

Machine Shop. — The shop m which the operations of engmeering icquuing 
the u.se of maclimes, as distmguished from fitting and erecting, are ear- 
ned on. The tuniing shop or turnery is usually included m the same 
department The smaller machines are ranged in roi;v s, leaving room 
for the workmen to pass around them freely. The larger ones are 
placed as most convenient for the moving of heavy ma8s(‘8 of work. 
All ore driven tlirough the medium of countershafts, denying their 
motion from the row or rows of line shafting overlioad, and are served 
by overhead travellers, of light or heavy construction according to the 
class of w'oik done in the shops 

Machine Tap. — A tap for uso specially in screwing machines, as distin- 
guished from the hand taps, which are actuated by a tap wrench. 

Machine Tools. —These embrace the various machines used in the depart- 
ments of engineers’ works, by turners, drillers, slottcrs, planers, boiler* 
makers, &c , together with the various cutting, punching, and Scaring 
tools attached to, and forming a portion of the same 

Machine Vice, or Vice Chuck. — A small long parallel jawed vice, used on 
the tables of planing, shaping, and drilling machines, for holding small 
and irregularly shajied pieces of work which cannot be convenientiy 
bolted to the ordinary tables. 

M a c h in ing.— Denotes generally the op^tions performed by machines on 
metal w'ork taming, planing, shaping, boring, &o., are oompr^ended 
under the general term of machining It is u^ both in spelfificatloni 
and in the shops. 

Machinist. — Machinists are a class of men distinct from fitters, erectors, 
and tamers, and simifies those who have charge of planing, drilling, 
■dotting, shaping, ana lamllsr machines. Thqy are not apprenticed, hot 
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are aimply rccrtiited from the ranks of unskilled labourers and handy 
men. aid receire wages ranging mid waj between those of labourers and 
mecWiics. 

Xagnasian limattone. — A compound of carbonate of lime and magnesia 
which is onmlo^ed for the lining of converters in the basic process. 

Xagnesite. — ^An impure magnesia found in Euboea, and other places, 
iMed for maraesite bricks 

Xagnetite Biioki. — Fire brir^ks used as linings in converters and rotary 
puddling furnaces. They are formed of impure magnesia calcined 
and mixed with from 16 to 30 per cent of raw and partially calcined 
ma^esia, and from 10 to 16 per cent, of water, the whole being dried 
and burnt. 

Magnetism. — The adherence of particles of metal to the points of drills, 
and metal turning and other tools, is duo to the development of the 
residual magnetism therein by friction 

Magnetite. — A magnetic iron ore abounding in the north of Europe and 
Amorica, largely (juarried for commerc lal purposes Tlie Dannemora 
iron from Sweden is a variety of this ore, and so also is the loadstone. 

Magneting. — The separation by the action of magnets of particles of iron 
from brass and cxipper turnings, previous to remeltmg. 

Ma^eting Machine. — A machine used for magneting (q.v ) to save the 
tune ocoupiod in the use of hand magnets 

Magnitude of Force. — The magnitude of a force is the aggregate of the 
unite of force which compose it, estimated m lbs or tons, or other unit 
terms. 

Mahogany. (Swietema mahogoni.) — Sn. gr. ’66 to •86. A close-grained 
red-colours wood, belonging to tne natural order Cedrehceat, There 
are two principal vaneties of mahogany —Spanish, which comes from 
Cuba aud St Domingo , and Honduras, or bay wood, winch comes from 
Honduras and around the Bay of Campeachy in Central America. The 
Utter is that chiefly used for common work, being cheaper and more 
readily worked than the Spanisli Mahogany is used for making the 
better class of patterns. 

Main Boarlngi — The bearings for the crank sliaft of an engine. 

Main Centre — In side-lever engines is the shaft upon which the side 
levers vibrate. 

Main Ohnok — A lathe chuck intermediate between the mandrel and the 
actual driving chucks 

Main Cylinder .—The principal or working cylinder of an engine, as 
distinguished from Imlance cylmdeis (q v ), oil cylinders (q v ), &v. 

Main Driving Belt . — The first motion belt, which comes direct from the 
motor of a worksliop to the mam driving pulley. 

Main Driving Pulley — Tlio first or principal pulley on tlie line shafting 
(q V.) of u workshop or factory, or a pulley wbuii has to do specially 
heaW work in comuarison iviUi oUici-s 

Main Fraaee. - The frames of a locomotive which carry the boiler, axle 
boxes, cylinders, Ac 

Main Likk.— The link which is attached to Uie end of the beam in the 
amngement of levers known as parallel motion {q v.). 

Main Berew. — A guide screw (q v ). 

Main Talve. — ^Denotes the slide valve proper, when the expansive 
working of the steam is pixivided for by a separate expansion or oat«o€ 
valve (q.v.). 

M^ Azis.--S6e Transverae Ank. 
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Mklm.— See Held. 

lUklBg Xoiiitt.— The bringring together and seouring with proper 
cements, or other steam or watei tight agents, the joints of steam and 
water pipes 

Making up.— Mending up (q.v ). 

Making-Tip Piece. — A mending-np piece (q t.). 

Malacca — Called also Banca tin, Straits tin It is sold in pyramids 

weighing about 1 lb. each. 

Malachite. — Carbonate of copper. Green malachite is found in the Ural 
mountains and in Anstralia. Blue malachite is ioiind at Burra Burra, 
in Australia. The blue variety contains more carbonic acid than the 
green 

Male. — When a stud or a dowel fits mto a recess it is said to be the male 
portion of that particular piece of work 

MalleabUity . — The quality missessed by metals of becoming extendeii 
under rolling, pressure, or hammering. 

Malleable Cast Iron.— Cast iron which has been subjected to piirtial decar- 
bimsation This is effected by keeping the castings in contact with 
substances nch in oxygen at a high temjieraturo tor several hours, 
or even days, according to circumstances The substances oinployed 
are oxides of iron, usually heematites, which part with their oxygen in 
order to combme with the carbon in the castings, thus reducing them 
to a condition approaching that of wrought iron. Except for small 
work, malleable cast iron is not to be relied on, and has therefore but a 
hmit^ use. 

Malleable Iron. — See Wrought Iron. 

Malleable Kaili.— Pipe nails (q v ) made of malleable iron to prevent the 
nsk of blow-holes in the casting. 

Mallet. — (1) A heavy wooden hammer used for the delivery of blows on the 
handles of chisels and gouges without incurring the nsk of flitting 
them down, as is the case when iron hammers are employed for that 
purpose (2) Round-faced wooden mallets are used by moulders for 
rapping patterns during their withdrawal from the sand, to facilitate 
the detachment of the sand. Similar mallets are used by boiler- makers 
for levelli^ or bending their plates of wrought iron and steel 

Manager. — l^e individual who has a general supervision of an engineer- 
ing works There are two kinds of management, one general, the 
other more limited The general manager has charge of the entire 
factory, includmg the offices, and undertakes or supervises the estimates, 
tenders, expenses, &c , and is usuallv an educated engineer who has 
been duly articled and gone through the shops and offices, and who 
receives the salaiy of a professional man. The works manager has no 
control over the offices, but only superintends the shops. He is usually a 
practical man who has risen from the ranks 

ManebetUr Prineiple. — The system of diametral pitches (q v ) 

Mandrel. — Sometimes erroneously spelt mandril (1) A cylindrical rod, 

(2) A revolving spindle of wrought iron or steel used for chucking lathe 
work up^. (3) The spindle of a circular saw is a mandrel. A lathe 
mandrel is either the spindle of the headstock, or that of the poppet. A 
smith*fl mandrel, or a **nat** mandrel, is a round rod upon which 
nots are finished to shape. 

Mandril — See mandrel. 

Manymma. — An clement which is invaluable to the steel manafactnrer 
owing to its entering mofo readily than iron into combination 
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CfXygen and eulphur. Iron oontcdning horn 5 to 20 per eent. of man* 
ganeee is called spiegeleisen ; if it contain mm tJian 20 per cent, it ia 
O^led ferromanganeBe. 

lIlUigiULeee Bronze. — An alloy of copper and ferromanganese. The latter 
is melted in a separate crucible ana added to the copper, the manganese 
cleansing the copper by reason of its affinity for oxygen. It is useful 
vhen toughness is an essential, as in propeller blades 

Han Hole. — ^An oval opening in the shell of a boiler through which the 
attendant gains access to the interior for the purpose of examination 
and cleaning It is always stayed either with a nng of wrought iron 
or with a casting 

Xanilla Bopei. — Kopes used sometimes in preference to hemp for the 
transmission of power They are white or untarred, and are stronger 
and more durable than those of tarred hemp, so that to do the same 
amount of work a rope of manilla need not be so large as a hempen 
one. The ropes are made in Manilla, in the Philippine Islands, from the 
fibre of leai-stalks of the Musa hoylodyai row, a species of plantain or 
banana. 

Xare’i 0rease. — A yellowish brown grease imported from Monte Video 
and Biumos Ayres, being the fat of the mares slaughtered for their 
liides, bones, and grease Used for purposes of lubrication. 

Margery’s Fluid. — Sulphate of copper diluted with >\ater, and used for 
the impregnation (q v ) of timber It is ajiplied under pressure. 

Xarffin of Safety.—Tlie faebjr of safety (a v ) 

Marine Boiler — Marine IkiiIots are usually of the return tubular fq v.) 
type, but many variations in the arrangements are necessitated by 
dinoront oonditious 

Marine Engine. - A gc'iieric term wdueh dciiott's an engine used for pro- 
pelling n vessel Those commonly usihI in tlie prestnit day are of the 
inverted cylinder (q v. ) typo and of the eomjiound surface condensing 
class. Bee also Trunk Engine, Oscillating Engine, and Steeple Engine. 

Marine Glue — India-rubber, shellac, and mineral oil combined to foi-m a 
hard black cement. It is melted by the application of heat and is used 
for making joints in packing cases water tight, by satuniting strips of 
canvas with it and sticking them along the faces of the joints. 

Marine Pattern Connecting Bod. — That form of rod m which the bearing 
ond has two brasses, w itu or without an iron cap, and secured by bolts 
to flat expansions of the wrougbt-iron end of the rod ; as distinguished 
from box ond, or strap end forms. 

Marker Out, or Liner Out — A work^n wliosc special duties consist in 
marldiig out the centres, working linos, &c , of metal work m readiness 
for the machinists and fitters. 

Marking Gauge. — A gauge used for marking the thiokness of timber 
which has to be plant'd to an equal dimension throughout. 

Marklngmff Table. — A planed cast-iron plate or table, strengthened and 
stiffened with flanges upon the under side, and employed as a basis for 
marldng off the centres and working lines on rough castings and fold- 
ings b(Uore they go to the machines to be planed, turned, and bored. 
Bmng planed time on face and edges and blocked up and levelled, the 
square and soribing block can be employed with accurate results, 
marking-out table is a necessary adjunct in all fitting shops of moderate 
and lar^ size, so that tlie sole responsibility of lining-out rests with the 
two or Siree men who are employe thmon perpetually. 

Markittg Gut.^See Lining Out 



to (tear with two other narrow wneda <m ^ 

Kaeaf— The quantity of matter m a body, not to bo oanfomoott Wisa 
weiffht since the mass remains constant m any part of the earn • 
surface* while the weight depends on the force of graniy, and tnerefOTO 


on the latitude. 

Hggt.— The vertical timber in a derrick crane. ^ 

Master Jet, or Master light. — The outer gas jet of the two in those ^ 
engines where the inner jet is extinguished by tho force of the exj^O" 
eion. Its function is to relight the inner one in readiness for the next 


explosion. 

Master Light —A master jet (q v.). 

Master Tap. — A hob or huh (q v ) used for cutting steel dies. 

Master Wheel.— A dividing wlieel used for cutting tho teeth of gears. It 
18 pro2)crly of largo diameter, in order to tlie minimising of errors duo to 
its own pitching out, such errors being reduced m the ease of all wheds 
smaller than itself If the master wheel is of small diameter its errors 


arc magnified when cutting wheels of larger diameter 
Masting Shears.— Shear legs erected over tho edge of a dock, and used for 
lifting and lowering the masts of ships into their hulls. Tlio gearing is 
usually placed at some distance behind tho shears and tho power is 
transmitted thereto through chams 

Mast Winch. — A winch (q.v ) winch is worked either by hand or steam, 
and fastened to a ship’s mast or to a pillar 
Match Plats. — A board or plate of wood or metal upon whoso opposite 
faces two different portions of a pattern are put for moulding. Tho 
boxes containing the impressions, when brougnt together, constitute a 
complete mould See Plate Moulding. 

Mats — It 18 customary to term any two men who work together, mates, 
but the term is more particularly applied to smiths and tneir hammer- 
men, and to boiler-makers, platers, and angle-iron smiths and their 
sinkers, because they always keep together, and only chaiigo m the 
case of illness or dismissal. 


Matrix.- (1) A mould (q v ) is a matrix, though the tennis seldom applied 
thus. (2) The earthy matter which contains metallic ores is called the 
matrix 


Matt, or Bsgalui.— Copper matt is the resulting product after tho oxide of 
iron present in the oro has been caused to combine with silica. It is 
p^nulated by being poured while molten into a vessel with a perforated 
bottom through whi^ a stream of water is set ninnmg. Kogulus may 
be coarse metal or fine metal, the former being produced m an early 
(called the second) process, the latter in a subsequent (called the fifth) 


process. 

Maul —A wooden hammer or mallet. Sometimes also applied to a smiths’ 
sledge-hammer. 

Maximum Dimensioui — In the manufacture of iron bars and plates 
there are certain dimensions pven by most houses as the maximum. 
For sues exceeding these special quotations are necessary. 

Maximum Prenure — The utmost pressure which is brough t to bear upon 
a body or structure. Commonly has reference to the pressure of 
dastic fluids and liquids. From tho maximum pressure and the rates 
of expansion the mean pressure is deduced. 

Mfaximiim Strength. — This refers to the disposition of a definite quantity 
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in ioab a maanar that a itraotuxe of the etrpngeet section 
c on ta ining that qnaatily of material riiall be derigned. iJlnstrationf 
ace to be obtains in the eeotional and longitudinal forms of timber 
beams^ iron flanged girders, and columns, 
yaaiminn Weight.~The utmost weight or load which a body or struc- 
ture has to sustain It has reference to the pressure of dead and 
variable loads. On the maximufn load the factor of safety is based. 
Xeaa. — The term is of wide application, sigpnifying the average, as mean 
head, mean height, mean quantity, mean pressure, &c. 

Mean BflbotiTe Pressure. — ^Tne average pressure upon a piston, minus the 
resistance due to back pressure. 

Mean Pressure. — The average pressure upon the piston in a steam 
cylinder taken through the entire stroke 
Mean Strength. — The average of the strengths of similar bars or beams, as 
deduced from experiments 

Measurement.— Correct measurement is of the utmost importance in 
engineering For common work direct measurement with the rule is 
Kuflicient, for better work, calipers, and gauges, both cyhndrical and 
the micrometrical are employed For sheet metals, wire gauges are 
useil. MciiHuremcnts are given in inches, fractions and multiples of the 
inch, and of the milhmotre, and in the numbers of the wire gauges. 
Measuring Machine.- The measuring machmo of Sir Joseph "V^itworth 
consists of two beads mounted on a bod, one fixed, the other movable. 
Each headstock is provided with a mandrel and graduated wheel. 
The mandials are actuated by screws. Knowing the number of tlireads 
in the screw and the number of graduations m tho hand wheels and 
the teeth in a wonn wheel driving one of the screws, the exact amount 
of forward movement can be deduced. 

Measuring Bod. — See Standard Kod. 

Measuring Tape. — A narrow tape or riband enclosed in a circular casmg 
from which one end is drawn out as required for measurement Tapes 
vaiy from 33 to 100 feet, and from 20 to 26 mches in length They are 
divided into feet and inches, and parts of inches, and into chains. 
They are mi^e of linen strengthen^ with wire, and of ribbon steel 
Ta]>os alter in length with tho moisture in tho atmosphere, but should 
not be more than J out in their total length They are used for out-door 
work chiefly, and for taking oircumferenoes or arc measurements of large 
pieces of work. 

Meohunioal Centres. — Usually denote the centres of gravity, gyration, 
oscillation, and percussion. See appropriate headings. 

MeobaaijMLl Engineering.— The art of oonstruotion of mechanism generally, 
comprising both prime movers and machines. It embraces emsi^ng, 
dra^^g, pattern-making, moulding, smiths* work, turning, boring, 
diilUng, shaping, planing, fitting, mulwright’s work, boiler and platert* 
work, and ereotang. 

Meehanleal Equivalent. — ^When one piece of mechanism is substituted 
for another, the meohanioal effect remaining the same, it is tenned a 
mechanical equivalent 

Meohanioal Fuadler. — A puddling (q.v.) furnace in which the operatume 
of hand puddling are }>erformea automatically. 

M e o hanie a i Babble. — A rabble (q.v.) to which reciprocal motion h gives 
by means of gearing and levers. 

Me e n a ai oal SteBer.—* A term ap|died to various p&eoee of antomatie 
apparatus for anp^yiug unilom amounte of fuel to steam boilecB. In 



upon matter. It is conveniently divided into the two secbOOB ot 
bUticB (q.v.) and dyna^cs (q v.), and embraces in its widest sense 
the actions of solids, fluids, and liquids. 

Melanism. — Commonly understood of an assemblage of parts which, 
without necessarily constituting a complete machme, embraces the 
essential principles on which the machine is constructed Thus the 
mechanism of a drilling machme would mclude the gear and spindles 
apart from the framework, the mechanism of an eccentric would he 
regarded independently of the details of its attachment, and that of an 
engme distinct from the mode of its fixing. 

Medium Drawing Paper.-— Measures 22 x 17J. 

Medium Hard. — A quality of emery wheel useful for shaping edges of 
tools, saws, and tnmmmg castmgs 

Medium Soft, — A quahty of emery wheel useful for pfencral surface work. 
For grmding narrow edges it wears away too rapidly. 

Mellow. — Timber is mellow when it is thoroughly ary and slightly aged 

Melting . — The fusion of sohds effected by the apphcation of heat. The 
melting of metals is carried on in cupolas, in reverberatory furnaces, 
and m crucibles. The distmction between mcltmg and smelting is, 
that the former applies to the fusion of metals which have been pre- 
vioufily reduced from their ores, the latter signifies the reduction and 
meltmg down from their ores. 

Melting Down Beflnery. — The usual form of refinery (q.v ) in which the 
charge consists of ^ected pig and scrap, as opposed to a runmng in 
refinery (q v.). 

Melting Furnaee. — See Blast Furnace, Beverberatory Furnace, Cupola , 
&c. 

Melting Holes. — The chambers which receive the crucibles containing 
crucible cast steel (q v.). 

Melting House.— That deportment of a steel works devoted to the 
meltmg of cast steel 

Melting Point. — See Fusmg Point.. 

Member. — Any separate piece or unit portkm of a structure is termed a 
member thereof. 

Mending-up, or Making-up. — The repairing of the broken edges of a foun- 
der's mo^d which have become ^n^ed by the withdrawal of the 
pattern. It is done by laying a strip of wood of the proper outline 
against the broken edge, and ramming sand against it. 

Msnding-up Piece, or Making-up Piece. — The stnp of wood, plain or 
curvea, as the case may be, whi^ is used for menduig-up (q.v.). Some- 
tones a strip of lead is bent round a curved edge mstead of a sweep 
cut out in wood. 

Mensurutiou. — ^The measurement of surfaces, or of solid contents. 

Merchant Iron. — Finished bar iron of various sections. 

Merchant Mill. — ^The cadre plant of rolls and accessories used for the 
making of tee, angles aid b^ iron of various sections. 

Merchant Molls.-SaliE^Bolls. 

Meiihant Xnin.— A train of rolls which reduces puddled bars to their 
finUhed seottas and aiiee ready far the market. 
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ItoiiXiil lorn ol premre Wige much used on tkom 

iMitbrt belore ilie intaroduction ol Bourdon’s spring gauge. It con- 
sisted of a suction tube partly fiUed with mercurr, open to the air in 
the longer limb and in commnniostion with the boiler in the shorter 
limb. The mercury in the longer limb sustained a float from which 
a wire passed over a pulley and downwards to an index finger which 
pointed to the divisions upon a scale. The height of the float varying 
with the pressure caused the position of the finger to indicate the 
amount of pressure. In high-pressure lioilcrs the construction was 
modified to avoid the inconvenience of a long tulie. A hole closed at 
the top and opening into the mercury at the lower end was us/^, and 
the amount or compression of the air in the tul>e aoxiording to Boyle 
andlilarriot’s law (q.v ) furnished the moans of deducing the pressures. 

Xsroury. — Symbol llg Com!) weight 19‘> H 8p gr at O'’ l.'i .390 Tlie 
only metal hquid at ordinaiy temp< ni tu res free/ing at~40'^F The 
proHHuro of Htonm is often cutinmtt^d in Jiieln^s of merciuy. Uficd in 
fwirometers and thvrmonwUTH and in merennal gauges 

Xeih — The size of the ojienings in the grating of an air-pump, or of a 
Kingstfin valve, or of a moulder’s sieve 

Xethed.- Used sometimes with the same signification as in gear (q v ). 

Xetal. -Metals are elementary bodies Those used in engineering are 
iron, copper, tin, lead, zinc, manganost', each descnlied under its 
projier h«‘ading. 

Xdtal Hollows. — Hollows made of metal and usihI by natteni -makers for 
the same puriioso as those made of leafluT (M<‘e lifaithcr Hollows) To 
enable the ini»tal to bend with fa<*ili ty, the flat or back portions of the 
hollow are gnK)V(*d oul longitudinally 

Xota l lie Paokiiig - A kind of jiackmg used for stuffing boxes (q.v ), 
formed of woven wire 

Xftal Pattorni.— Foundry patterns are made of metal wdum bx) weak to 
stand foundry ufwigi* if made in wimhI, or when cun es hai o to be inijiarted 
thereto which c<nild not well Iw given b) w'rxKl. Ilcnce all ornainontal 
works an- made in metal, and all works wdiere a large numIxT, say several 
sooH'S or hundriHls, have to bo cast from the same pattern . Iron, brass, 
tin, and liMid, are the metals chiefly used , iron and brass being employed 
for permanent work, while lead and tin are uwxl ehiefly to be lx»nt into 
Tanous outlines, from which thea<dual peniianent patterns in tlie harder 
metals are finally mouldtsl. Tattenis in iron are rusted and vanii>hed, or 
protected with a coatingof Wswax. 

Xstallurgy.— The proocs.'s^s by which metals are separated from their ores, 
and combined b) form alloys 

Xtttal Saw. — Sec Hack Saw', Hot ln>n Saw 

Xetal B p in n in g . —The procie»w liy which light articles in the mallcablo 
metals are m.ide to assume circular and moulded aliapes bv menus of 
pressure applwHi to them wdule in rapid rotation in the lathe’ 

Xetsorie Iron.— This is of interest ss bemg the only state in which iron is 
found in a newly pure tiondiUon in nature. It is of extra mundsna 
origin but is of no commercial value 

Xfthod of Xoxnsntt. — Simplifies the calculation of the bending strains in 
n straoture, by estimating the momenbi of the forces acting thereon, 
ns distinguished from the graphic methods (<i v ). 

Xethylatod Bj^t - Sec Spirits 

Xotro,— Tlie rVench umt of length, contaimug 39 37079 English incthes. 
Tl Is divided Into a thousand equal porta iermed millimetres. A squox* 
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Mfcn is eqnil to M9C Bqoaxe jftrdo or 10*764 aquaro loot. A onbio 
SBotre is equal to 1*308 oul& yaw or 35*3156 oal& feet* 

Metre Bole. — Jl rale dirided iato fractioiui deriTod ftmL the metre (q*T.). 
These ore sometimee made a metre lonffi but sometimes the mUlimetre 
diviaioiis are put on an ordinary two &t or one foot English rolot 
]&>th wood and steel are used in their construction. 

Metre Seale. — A scale (q.v ) used for drawing purposes, in which the metre 
(q V.) is the unit and millimetres (q.v.) the subdivisions. It may be 
twelve inches, or it may be one metro long. Usually the subdivisions ot 
the inch and the metre are placed side by side for comparison. 

Metric System. — The French system of weights and measures, of which 
the umt is the metre, origmally suppo^ to bo the 1- 10,000,000th part 
of a meridian of the earth. l*lie metric system is purely decimal, hence 
its yalue. 

Miea — Plates of mica are inserted in the sight holes of cupolas in order 
that the furnace man may see the progress of the meltwg of the chai^. 
Mierometer Caliper. — A small calijier used in worksho 2 )s for tlio b^t 
dosses of work, and constructed on the same principle as Whitworth’s 
measuring machine. It consists of a horst^shoe-shapod piC('.o, into 
one end of which a trayersing mandrel is screwed The mandrel 
is provided with a fine threaded screw having a definite number of 
threads to the moh, and its head is graduated into an djual number of 
divisions. By advancing the screw through a portion of a revolution 
as indicated by the divisions on the head, the fractional portion of an 
inch can be gauged with accuracy 

Middle Cat fue — A Lancashire File having a degree of coarsonesa 
midw^ between a rough and bastard cut (q v.). It is seldom used. 
Middle Flat Gouge —Any gouge whoso amount of curvature is neither 
vciT flat on the one hand nor quick on the otlirr. 

Middle Fort. — The central portion of a three>parted moulding box. 

Sometimes the central portion of the mould 
Mid Feather Wall. — The bnck wall which divides the two flues in a 
wheel draught (q.v ), so called because it is in the centre of the boiler, 
and is very thin wh^ the boiler rests upon it, or about tliree or four 
inches in width. 

Mid Gear — The link motion of an engine is said to be in mid gear when 
the arrangement is such that neither backward nor forward motion is 
possible Engines at rest should always bo placed in mid gear. 

Mu. — The thousandth part of an inch. A term used to dcuohi the sixes of 
wire gauges, the ^meters bomg given as so i^ny mils The term is 
believed to have been first employed by Mr. of Liverjiool, who 

attempted to mtroduce a new wire g^ugo. 

Mild Centred Steel, or Soft Centred Steel.— Steel whose central portions 
are softer than the exterior. It is first brought mto the form of rods, 
Ac., only partially carburised in the cementation process carburisation 
beixig arreeted at a definite stage. Used sometimes for engineers* taps 
where hardness without excessive brittleness is desirable. 

ICld StosL — Steel which contains a very low percentage of carbon, 
approximating therefore to the condition of wrought iron. It may 
oontam from *05 to *20 per cent, of carbon. It welds but does not 
temper, and is suitable for hoilers, shine* platee, rivets, and wire. 

MOL— AicrmM gesieial appiUoatiem. A building with its machinery ; a 
boring machine ; a black&g miU, or a revolvmg blacking grinder ; a 
foOiiig mifi, or a forge mill for bar iron mannfaotore, ko, 

a 



ta6 


DICTIOJ^AHY OF TERMS USED IN 


XQl Bar iron rongh from the pnddler’s rolls, as distingtdahed 

from merchant bar (q.v.J. 

Milled Head. — ^The circular head of a pinching, or set, or adjustment 
screw, whose edge is cut into a succession of n^es to enable the fingers 
to grasp it without shpping. 

Mill ]hirnaoe. — A reheating furnace (q,v ). 

Mill Oearing. — Den^ong its name from the old corn-mills, and compris- 
ing the work of the millwright, embraces cog wheels, pulleys, shaft 
beimngH, and belting. 

Millier. — Tlie French metric ton, containing one miUion grammes (q v ), 
or a thousand kilogrammes, and ecj[iuvalent to 2204 C2 12 English 
pounds, or 19*684 1 hundredweights, or 9842 of an English ton. 

Milligramme. — A French measure of weight, iKJing the one -thousandth 
part of a gramme (q.v.). It is equivalent to *0154 part of an English 
grain. 

MiiUmatrt. — A French measure of length, being the thousandth part 
(•001) of a metre (q.v.), and being the *03937 of an Englisli inch. 

Millimetre Brilli. — Drills whoso diameters are made to French millimetre 
dimensions instead of to English eighths of an inch. 

Millimetre Pitohet. — Screw pitdies whoso unit i« the millimetre. These, 
when required, arc commonly cut on lathes having English leadmg 
screws, by a proper arrangemont of change wheels Tims, the metro 
equals 39 375 or 39| inches A pitch of one millimetre equals 
therefore 1000 threads in 39 J inches In the same length of lead- 
ing screw having four threads to the inch, we have 39 J X 4 = 157J, 
or 157 6 threads of | *‘i)itth,” hence tlie ratio subsi^ng between 

the two is which rcsluced to its loudest denomination equals 

ifhd ^ ^ ^ ^ hn\ing a loading screw of J pitch 

r.3 G3 

tlie ratio wimld Ih) for one of J pitch .. To deduce the wheels 

UvU OUU 


wo multiply the numerator by tlio pitch of the thread, and then pro- 
c«M)d os wiUi ordinary change wlnvls Thus, to cut a thread of 10 mm. 
pitch, and having a leading screw* of four to tlie inch, the equation would 

stand — — — ^yy, breokmgup into multiples - ^y ; but to 

C3 X 30 

obtain wheels in the sot wo substitute .-,j^- y --y» and 63 X 30 will be 
drivers, and 20 X 60 tSe driven wheels. 


Millimstre Bale.— .Stn^ Metre Ilule. 


Milling. — The slmping of metals by means of slowly revoh iug tools or 
milling cutters (q ^ •) Surface contour can be m(>re rapidly and accu- 
rately effecU^d bv nulling tlian by the ordinary operationH of planing 
and shaping witli the single-edged cutting tools, and the practice of 
miUing is eonstanUy increatong m economic importance m the work- 
shops. 

Milling Cntton.— Discs or circular cutters made of steel and seriated 
around their edges to an exact counterpart of the sectional shape which 
they are intended to produce. Work of nearly any form and tenmer is 
eamUe of being figured with mining ontters. Theroan be usedmibn 
laUie, but ocmunonly they are fixed in a miOing ntadune (q v.). 

Milling Maobina.— -A machine in wbkh melal work is laducad to ahapa 
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W&en ftttadied to a table and passed under a rotattngf serrated 
cutter. Both plain and irreg^ular mirfacea can be thus shaped^ and 
the Talue of tne machine oonsists m the uniformitv of outline whioh 
can be imparted to numerous similar parts. Nut laces^ the flutes of 
taps and reamers, and similar repetition works in iron, steel, and 
binss, are done in milling machines. 

XilUBg Tool. — See MiUmg Wheel* 

Ifilling Wheel, or Milling Tool — A small wheel running loosely on a pin 
sot m the cl^t end of a bar of iron, and used for roughing or milling 
heads of screws. Tho edge of the wIumjI is made into a countoipart of the 
pattern which it is intended to produce, and the pattern is formed bv 
pressing tho wheel with sufficient force against tho roTolving work 
to cause tho wheel also to revolve, and so impress its pattern upon 
the work. Tho wheel itself is out by pressing it against a hob set 
slowly revolving m the lathe. Tliis of course precedes hardening. 

Mill Pick, or Mill Bill.--A tool like a double wodgo moiuitod in a sliort 
handle and used to dress tlio faces of millstones. 

Mill Baca — Tho narrow space between tlie floats of an undershot water 
wheel fq V ) and tho masonry withm which tlio water is confined. 

Mill Bolif , or Merchant Belli, or Mill Train. — Tho merchant rolls of a 
rolling mill. They are employed for tlio production of finished iron 
from the puddled bar after it has been cropped, piled, and balled or 
reheated. They are similar in the main to the puddle rolls, but differ 
in aomo matters of detail. They consist of sets of roughing or billeting, 
and finishing rolls, and ore cither two high, or three mgh. 

Mill Scale. — ^ Hammer Scale. 

MUl TaU.— See Tail Water. 

MiU Train,— See MiU Rolls. 

MiUwright.— A workman of a class whoso numbers are diminishmg 
owing to the increasing speciahsation of engineers’ work. The occu- 
pation of the millwright ongmated in Uiu development of com and 
other nulls driven by water power, at a period when modem engines 
and machinery were unknown, and when tho factory system had not 
arisen Owing to these conditions and the exigencies of circumstances, 
the millwright was compelled to perform all tho various tasks which 
are now included under the head oi engineering, and which are divided 
into several distmct departments, embracing the working both in wood 
and metal 

Mine. — Ore (q.v.). 

Mine Tin. — Tin ore obtained by mining as distipguishod from stream tin 
(q V.) It is found in veins in quartz, granite, and clay slate, 
associated with arsenical and copper p3mte8, specular iron ore, and 
wolfram. 

M l ny al Oils . — Ibese are used for lubrication and in the furnaces of steam 
boilera. Mmoral oils when used for lubrication do not generate 
injurious acids like the animal oils. They are manufactured from 
bituminous shale, or are imported from America or from Russia, from 
petroleum springs. They are subjected to filtration or to distillation, 
to free them fr^ mt, tar, and volatile oil, and are used both pure 
and aa compound oils (q.r.h 

Xtainm.— Bed Lead (a.y.). 

Umt Azit.— Bee Ocmiagate Azia. 

— ^A term appEed sometimes to the internal or exhaust lead on a 
atssi valvs. It is toe lead to eadiaust^ dimit>4Aing the oi 
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<mii)ioniri^, and is used with very quick running engines where smooth* 
ness of working is essential See Inside Lead, 
mter. — A frequent way of spelling mitre (q v ), as miter wheel, mitez 
board, &c. 

ICitls Castings — See Wrought-iron Castings 

mtre — Lines mooting at an angle of 46^^ with each other form a mitre. 
Xitte Board. — A board used by wood workers for cutting mitred joints. 
Blocks are screwed on a plain board at angles of 45° with its edge, 
and form a guide for the plane, which is laid upon its side as m 
shooting, or sometimes for the saw, though tlie latter is more commonly 
used with the mitre box (q v ) 

Mitre Box, or Mitre Block. — A templet or guide for sawing mitre jomts. 
It has a Ixittom and two sides, and two saw kerfs opposed to each other 
at an angle of 90°, cutting the sides therefore at angles of 45°. 

Mitre Iron. — Bar ii on of angular seetion 

Mitre Joint. — A hutt joint whose ends arc cut at an angle of 45®, the 
abutting sides Iherefore forming an angle of 90^ 

Mitre Valve — Tlie initro of a saf<ty\ai\o Hignifics the annular seating, 
turned to an angh' of 4.>'’ m W'ction, uj^ai winch the Vcd\c itself rests 
Mitre Wheel — A Ik'vcI wdiccl whose pibh cone is placed at an exact 
angle of 45° with its axis Hence pairs of mitre whwls w'orking 
togctlior are alwajs of cHjual diumeUi, pitch, and nuinlwr of teeth, and 
ctmnoet shafts w'hn li stand at right angles with each other. 

Mixed Gauge.— See Gauge 
Mixed Oils. -Sih) Compound Oils 

Mixing Chamber. — A ehiimber at the end of tl»o rjlmder of a gas engine, 
in whu'h the gas and air Inaoine mingUd priviuus to ignition 
Model. — A path ni is sometimes, though lueoinetly, Urnicd a model. A 
model is really a counh'rjiart or copy iijKm a small sinlo of a piece of 
mechanism ^Phe objo<?t of making a modd is cither to gno a good 
idea in due proportion of a large and cx^husim' piece of work, or as a 
work of art and l»eautj', or, as in a woiking imxiel, to test the prac- 
ticability or utility of an uutrud design 
Modulni. — A constant multiplier or coefficient employed in mcclianical 
cahnilation It expresses the ratio of tlio efftsitue value of a machine 
as compared w'ltli its theoretical value, or tlie difference between the 
work exiiended and that given out, the loss being due to fnetion chiefly. 
Modulus of Blastioity. — A ratio of stress and strain. Tlie weight m 
jHUinds requmd to streb'h a l>ar 1 in square of a given material to 
double it>i leugtli IS the modulus of dinvt elastu ity for that bar. 
Modulus of Botiitanoa — K<puialent to the modulus of rupture, or to a 
lesser quantity, as the modulus of <‘lustie resistance 
Modulus of Buptura.— A coimtant numWr whnh represents the weight 
uooessary to break a W of any given inaWnal of definite length, 
breadth, and depth, and usetl in (ivleuiating tlie strength of 
bars differing therefrom in diinen'.ions only. 

Momant. — Tlie measure of the miportance of a physical agency or of a 
force. Thus the moment of a lever is equivalent to the power tummg 
ita arm around the fult'rum, m other words expreaaea its effect or 
result. See Momout of Inertia ; Force, Moment of. 

MoAtut of XnorUa. — ^The sum of the products of each partiole of a 
moving body multiplied into the squares of thedistanoeaof the 
from their neutral axis. It is rcpreecnted by the letter I. If the 
of eveiy partiole of a body be multiplied by the aquato ^ ita 
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fnan a steaiglit line, the sum of the products so obtained is called the 
moment of inertia of the sjMtcrn about that linoy which is also called the 
axis. The moment of inertia for any cross section is found by dividing 
the total area into soimrate small layers or areas, and multiplying the 
area of each element so obtained by the atiuoro of its distance from the 
horizontal axis taken through the centre of graiaty, and then adding 
the products together 

Moment of Kesistance. — Wlien a bar is subject to bonding, the internal 
stresses set up tborem by tlie beinling action constitute a meohanioal 
couple, Th^ amount or moment of those stresses is equal and opposite 
to tno bending moment. Tins is termed the moment of resistance for 
that particular section 

Moment of Eupturc —The moment of resistance at fracture. 

Moments, Equality of — Sec Equality of Moments. 

Momentum — Tht maas a body multipliod by the velooitjr imparted 

thereto, equals the monu'ntuni The ^ 'locity may remain constant 
and the mass vary, or tlio mass may remain constant and the velocity 
vary. 

Monkey, or Earn. — (1) The longitudinal weight which is made to fall on 
the heads of piles when bemg driven into the soil. See Pile Driver. 
(2) A 3 um|)er (q v ). 

Monkey wheel — Sec Gin Ploek 

Monkey Wrench — A screw wrenth (q v ). 

Monkbndge Iron.— Pbib's manufactured by tlie Monkbndgo Company, 
and lu Id in high estimation for boiler work. 

Mortar Mill, or Mortar Mixer — A machine used for mixing mortar. It 
(onsists esH<'titi.illy of a shallow t‘ast-iron i>un with two revolving 
chilled wIuhlIs driv(u by bivel glaring fiom an engine. A false or 
movable tK)ttom of loose plates is piovulod in older that they may bo 
renew csl wlien they are w«»m out 

Mortice.- A ns ess cut in a ])it‘ee of timber which, with its oorresponding 
tenon, forms a joint uscsl lu tirnlK'r work 

Mortice Chisel.— A stout w ood-workcr’s chisel driven with the mallet, and 
used for cutting mortices w’liero peruussion and leverage are rendered 
neeessarj' 

Mortice Oange. — A piugc used for marking tlic tlucknesses of mortices and 
tenons It lonsi'its of a sU'm and head sunilar in outliiio to those of an 
ordmary gauge, but the stem is furnished wuth two marking cutters, 
one fixed, the other movable, w'hich can be set to wjual the thickness 
of any mortice. Hence both edges of the mortiee or tenon are marked 
at one time, and the head lieing movable permits of the marking off of 
a tenon fmm any distance inw'ards from the edge of the stuff. 

Mortice Wheel —A wheel m which w'ooden cogs are used instead of iron 
teeth. The rim is pierced wdth as many mortices as there arc cogs, and 
the cogs are fitted into these mortices with corresponding shanks, tho 
long p^iin running raduilly towards tho centre of tlie wheel. Tho cogfs 
are thicker and shorter than those of ordinary wheels, and the teeSh 
of tho iron wheel into which they work are correspondingly thinner. 
There is no fionk clearance allowea as m ordinary gearing. 

Mortioing Machine. — A machine for cutting mortices in wood, either by 
means of a chisel, or by a circular cuttmg bit. When the latter is need 
the end is either left rounding or made square afterwards by a ohisd. 
The earlier morticing machines had a positive stroke, that is, a dead 
fhnist from the beginning, which strained the chlsehi. Mow thej art 
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made with an adjostahle stroke whose fooroe is increased gradnaify 
means of a i^stem of lerere. 

Motion.— See Laws of Motion. 

Motion Bars.— The gpiide bais of an cross head. See Slide Bara. 

Motion Block. — cross bead (q.T.). See Slide Blocks. 

Motion Bise.— See Wrist Plate. 

Motion Work.-— A term applied to the various rods, levers, and links 
connected with an engine slide valve. 

Motive Powers — The particular source of energy which is applied to 
actuate a prime mover or a maohmo. Hence motive power may be 
animal, steam, water, air, or gas. 

Motor. — A prime mover (q v ) 

Mottled Iron. — A quality of cast iron intermediate between the grey and 
the white vanc*ti(5H, both in jKjmt of texture, crj^stallisation, and the 
state in which its carbon occurs, a jmrtion being m the combined and a 
portion also being in the imcombined or graphitic state. 

Mould. — The hollow matrix or enclosed spare into 'whieh metal is poured 
to form a casting A mould w, it« con^s excepted, a counterpart of its 
pattern (q v.). Moulds arc made in green or in dry sand. 

Moulder, — An iroufoundor. His work consists in moulding the reverse 
improssioiiH of oastinga in sand, tlie impressions being obtamed bv 
ramming the sand around patb^ms of wood or other materials, which 
are so oonstructod as to withdraw therefrom without doing injury to 
the mould itself. Due regard must be ]>aid to venting, to allow free 
ogress to the liberated gases, and the metal must l>o sele(*ted and mixed 
as most suitable for the special class of work for which it is to be 
employed 

Moulder’s Baskets. — Hand baskets made in the form of trays; used m 
foundries for carrying about small quantities of coke, coal, and other 
materials. Tliey are made of cane or of iro. 

Moulder’s Bellows.— See Bellows. 

Moulder’s Lamp. — A cast-iron lamp whose vertical section is that of a 
trunoatod cone, and burning jiaraffin or benzoline Used by moulders 
for throwing light into the interior portions of moulds. Cimdles were 
formerly uswl, but have been supens^ed by the lamps. 

Moulder’s Mallets. — See Rapping Mallets. 

Moulder’s Nails.— See Pipe Isails. 

Mouldiug.— The makinff of moulds in sand, or loam, or plaster of Paris, 
with or without the aid of patterns When patterns ore used they are 
enclosed in sand nimmed around them, from which they are subse- 
quently wiUidrawn. Wlien moulding is done without patterns the 
necessary shape is imparted to the mould by means of loam boards or 
strickles Moulding is done either in green or in dry sand, or in loam, 
llie moulding of work was formerly more frequently called founding. 

Mouldixig Board.— A bottom board (q v.). 

Mouldiug Box —A flask v.). 

l^ulding Cutter — An adjustable steel cutter for woodworking, having 
its edge ground and idiarpcued to the shape of the moulded edge wMS 
it bus to fonn. These cutters are usually^ fixed in pairs on opposite sides 
ol a disc, which is set to run with a spindle revolving over the wood 
to be opmted on. The cutters travel at a rata of from 4,000 to 6,000 
feet per minute. 

Meuldug Letters.— Psttezn lettm (q.T.}. 

MouldiAg Miehi«u.->A nuwhlne fw^lojud lor iwmldiiig pattmis ii % 
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ftntomAtio wuajuse, the aim being to prodnoe moulds of pro* 
eisdy tM same ^pe, and with flush join^ Le, joints showing no lap. 
The patterns are usually made of metal, laid upon a table horisontall^, 
and, aooording to the type of the machine us^ the mouldmg box is 
rammed up oTer it by hand or by some kind of spedal meohanism. The 

S late is then usually turned over, and the box released and dropped 
ownwards, being in this respect the reverse of ordinary mouloin^, 
where the pattern is lifted away from the box. Usually, also, there is 
no complete pattern, but divided patterns are put on separate plates, 
or on opposite sides of the same plate, the moul^ made separately and 
only brought toother for casting. 

Moulding Sand.— Foundry sand (q v ). But striotly speaking mouldmg 
sand designates the black sand which accumulates on the floor of the 
foundry from repeated castmgs, and which is only used for box filling 
and for the rougher class of work 

Moulding Tub. — A wooden tub of oblong form and with sloping sides, 
ooniammg moulding sand, and providod with a sliding cover. It is 
used by brass and iron moulders who do light work, the flask lying on 
the co\ er and the tub supplying tlie nooessary sand ; the moiudor 
therefore stands instead of kneeling at his work. 

Mounted Tracing —See Tracing. 

Mounting — Tlio chucking of work in the lathe. 

Mounting. — Commonly signifies the brass and ornamental work about 
a a engine, or boiler, or machine, but more especially applied to boiler 
mountings (q v ). 

Mouth. — Tbo opemng or onfico of a pipe, or furnace, or ladle, or similar 
cylindrical or hollow vessels. 

Moutbpieoo. — (1) An attachment fitted to tho mouth (q v ) of a vessel, 
pipe, or tank. A door often covers tlio mouthpiece. (2) A bridge of 
wood let into the mouth of a plane to redtujc the widtn caused by tho 
wearing back of the iron, and of the face of tho wooden stock. 

Movable Expansion. — Expanidon which is capable of regulation by 
means of a second slide valve, or otlier gear 
Movable Points. — (1) The movable centres of tho rods in parallel motions 
(q v ). U) Tho various legs, pens, pencil, and pfunts which ore sub- 
stituted lor each other in the ootupass (q.v ) used for drawmg. 

Movable Pulley. — A pulley whoso axis is movable m space. 

Moving Weight — See Holling Load. 

M Teeth. — Saw teeth shaped uke the letter M • Used in some oroso-eut 
saws (q.v.). 

Mud Box. — box placed in the suction pipe of a bilge pump (q.v.), to 
arrest dirt or foreign matters which would otherwise loago in the 
valves It is a cast-iron box fitted with a removable cover and con- 
taimng a perforated plate or diaphragm placed transversely therem. 
Mud Buoket — dredger bucket or scoop constructed of oast or sheet 
iron, or steel, and for the purpose of bringing up the mod from 
the bed of a stream or harbour. 

Mud Hole, or Mud. — An oval opening in the lower part of a bofler, 
through which the sediment deposited by the water is extracted. Host 
boilers have several mnd holes, two or three near, or in the bottom, and 
one or two oppoAto eve^ cross tube. They are closed doors while 
the boiler is worid^. See Mud Hole Door. 

Mud Hale Boer, or Mud Lid. — A door or cover which oioses the mod 
hoLb ti|.v4 of • steam boiler when the boiler Is in use. It Is oval ia 
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[ within thfi bole and pnHed rxp asnunst its iimet 
laee ty^'ineane d a boH. The bolt is riveted into the door and passM 
ihmiss throogb a bridge spanning the mud hole without, Kid is 
tigh Wed agidnst it with an ordinary nut. 
midIAd.---8ee Hud Hole Door. 


mud hole (q.v,). 

Xnif Coupling.— See Box Coupling. 

Mufle. — A small arched vessel of nro-clay, shaped like an oven and used 
in ^e assa^ring of alloys of metals, the muffle being used to protect the 
metal from the direct action of the flame. 

Xultiple Boiler.— A multituhular boiler (q v.). 

Xultiple Bormg Xachine. — A bonng machine provided with three or 
more mandroTs for simultaneous bonng 

Xultiple Drilling Xachine — A machine in which a number of drill 
spinfllcs are arrange d parallel to each other, and dnven simultaneously. 
Th(y are usi d iii boiler and girder work whore a largo number of holes 
of the same Hi/r and pitch are required 

Xultiple Gear. — The combination of several pinions and several wheels 
in train for the increaM/* of mwhanieal oifof't The product of all the 
wheels dnidod by the product of all the pinions represents the 
meehanieal gam 

Xultiple Threaded Screw — A wtow oontaining several hehors winding 
around its Ixaly. Used b) impart more rapid motion than could bo 
obtained by one only. The various threads are parallel \vnth each 
other, and of o<pnil jiiteh A wonn \%heel is an illustration of a mul- 
tiple threaded se n'w, the nuinlxT of k'etb Ixing etiunalent U) so many 
thread wM-tums 


Xultiplier Wh(‘n the cubic mi'anurement of a IkhIv in any given 
material is known, its w'cigbt is rtuidily deduecHl thcri'fntm by multi* 
plying the measurement by a (oiistaiit number tcnntHl its multiplier. 
Wins cubic inches of east iron multapluHl by 203, of \^rought iron by 
•28, of gun metal by 3, of sbx'l by 28 give i>oun(lH av()irdui>ois 

Xultitnbnlar Boiler. -A ls>il(‘r tra\erwHl with numerous tubes through 
which the hot gases jiass from tlie firt^-box on their way to the chimney, 
causing circulation and raising the tempt'rature of the water m the 
Iniiler dunng their jirogross. Tlio tul)es are of brass or mm fitting mto 
the tuW idates of the fire and smoke boxes Multitubular lx)iler8 are 
chiefly (‘onfincxl to those of Uio hx'omotive and p)rtublo and horizontal 
typos, \ery few vortical Ixulers bcaug pro\iaed witli tubes of this 
cnaniebT. 

Xunti Xetal — An alloy of copper and innc in the pn>|K>rtion of 00 of 
copjx>r to 40 of /me It is stntiig, and largi'lx iisid in ('iigiui rrmg 
constmetion m the form of shivts uud nsN, and for tlie tulxs of loco- 
motives and of coiulcnsc'rs. 

Xuihroom Valve — Sec Lift Valve. 

XTrUgnunme. — A French rooasore of weight oontaiumg ten thousand 
grammes (q.v ) and equivalent tt) 22 0462 English (nmnds 

Xyrlaiuetre.— Ten Uiouaand French metros (q v ) corresponding aitb 
^S,707*9 EngUsli itichoa. 
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Vail. — A strip of pointed metid provided with a head. Used for driving 
into timber. See Clasp Nail. 

Vailing.— See frigging. 

Vame Plate. — The casti^ which bears the name of the manufactorers 
on a piece of work, file pattern is commonly made by casting the 
letters separately m lead or tin and cementing or tacking them upon 
their pattern plate of wood. 

Vapieris Compasses — A drawing compass which is constructed with 
folding legs to bo earned in the pocket. The working points are 
pivot(3 to the mam legs, and are double ended and reversible on their 
pivots. One pivot leg carries a point and pencil at opposite ends, the 
other a point and a pen, so that two points, or a point and a penoil, or 
a point and a pen can be used at pleasure. 

Vaphtha — A comparatively thin and pure rock oil, eloselv allied to petro- 
leum, which is sometimes used as a sfdveut for shellac in the making of 
varnish for foundry patterns. Methylated npirit is mostly used in 
preference. 

Varrow Gauge — Four foot eight and a-half inches between rails, adopted 
by SteplieiiHon from the Northumbrian coal tramways. 

VaUve Copper — Copper winch is mined m the inetalfic state. It occurs 
in the district of Lake 8uporior, and is highly eHteeinod on account of 
Its punty, which renders it suitable for electrical purposes. 

natural Draught.— See Draught 

Vature — By the naturt' of a material is understood the average excel- 
lenee of its qualities when unaffected by dotenoratmg mfluoncos. 

Have — The boss of a wheel 

Veok. — (1) The nairowest portion of the passage in vena contracta (q.v.). 
(2) An entire jounuil is often called a neck 

Veck King --The bush for the rod which is fitted into an engino cylinder 
or steam chest below the stuffing box, tf> insure dumbility of wear. 

Veedle Lubricator — A pear-shaiiod or globular glass vessel containing 
oil, and funiislicd with a uwjk which is placed lowermost. A wire 
passes loost'ly through the plug which clow's the mouth, and by lie 
vibration and capillary action <*oiidm'bi the oil down to the bearmg. 

Veedle Wire. — A vent wire (q.v ) of the smallest size or about ^ in. 
in diaineUT. 

Vegative Slip. — Is applud to the sp(*ed of a ship’s screw when the velocity 
of the IS greater than it should Ito according to the theoretical 

calculation basetl on the liy|)oth(*siH tliat the screw winks man unyield- 
ing body. It IS due pnibably to the vi» viia of the current which 
follows the vessel’s wake 

Vegative Btreuee — In English practice are those which represent tension. 

VegatiTe Terms — Algebraical or anthmctical terms preceded by the 
sign -. 

Vest Gearing. — Gearing enclosed in a case or box, as in a capstan head, 
and in some forms of hoisting tackle. 

Vett ladiea^ Horse-Power. — See Actual Horse-rowor. 

Veutral Axis, or Veutral Line — When a beam is subjected to flexure, 
there is a lon^todmal central line which is neither in oompressioD nor 
CDctenskm, and is therefore subject to no straining action. The pan 
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iriierd lliii line oats say particular section is termed tlio neutral axis of 
tlie beam. Since also the tensile and oompressiye foioos diminish as 
the neutral axis is approached, girders and girder-Uke stmctures are 
frequently lightened out in their central portions. In a beam of 
n^orm section the neutral line corresponds with the central line of the 
cross section. In beams of other sections it will be the mean of the 
hendii^ sections. 

Ventral £q[niUhriiim, or Indifferent Equilibrium.— This results when the 
centre of gravity of a body which is in equilibnum is m the central 
portion of the l>o(ly, and cannot therefore arise into a higher or descend 
mto a lower position. A sphere is always in neutral equilibrium. 

Ventral Line,— Soo Neutral Axis. 

Ventral Surfiaoe. — The piano of the neutral axis (q v ). 

Ventral Tint. — A purjiliah grey colour used to distinguish cast iron in 
sectional drawings. 

Vew Sand. — Mixtures of foundry sands used for facing moulds. See 
Facing Sand, Old Sand, Sands 

Vlckel.“^yml)ol, Ni. Comb weight, 68 6. Sp. gr. 8 8. A sihery 
white metallic olcniont found in the ore called kupfemickel Used 
largely for elootro-nlating tlio bright portions of the ^st machinery. 

Elokw. — ^Tlie vertical cutter or lip on the circumference of a centre bit, 
or of a Jennings bit, which cuts into the wood the radius of the hole 
to be boro<l. 

Viokinff. — The cutting of a shallow veo’d groove around or across a bar of 
metal in order to ensure its fnieturo by a blow at that particular spot 

Vleklng Fuller — A t<H)l similar to an ordinary fuller, or fullcnng tool 
(q.v.y, except that instead of l)eing straight across in the direction of 
its width it is hollowinl, fulfilling the same purpose for round bars 
that the ordinary fuU(T docs for flat bars. 

Vippers. — Sec Cutting Nippers. 

Hipping Lever.— A lover whicli is so constructed and adjusted, that on 
moving its longer arm around the fulcrum, the shorter arm on the 
opposite Hide of the fulcrum bites or nips the periphery of a smooth 
turned wheel ; and the greater the pressure brought to boar upon the 
lover the greater tlio nippmg power Moving the lever in the contrary 
direction releases the bite immediately. Tins principle is employed m 
the oonstnn'tion of what is known as the silent feed (q v.). 

Vipple.-A short connecting piece in a union which receives the nut at 
cue end, and screws into a socket at the other. Or a screwed stud piece 
used for insertion mto gas piping. 

Vobbiw — ^The same as snmghng (q v.). 

Vom. — Nommal horse-power (q v.). 

Vominol Horse Power.— A vague term which represents no parUoular 
power of engine, but only manufacturers' advertised sizes. For marme 
engines, twenty circular inches of piston are sometimes taken as 
equivalent to a nominal horse-power, and for non-condensing land 
engines ten circular inohes. The term is gradually falling into disuse 
excepting as a standard for purchase, indicated horse-power (q.v.) 
being used in preference. 

Von-ooiidensiiig Sngixit —An engine which exhausts its steam directly 
into the atmosphere. See High-wessure Engine. 

Vom«omiduotiBg Compositioa. — Boiler Coatmg. 

Voa-ooadastors. — In engineering, various suhstanoes are employed as non* 
ooaduotoft of beat Felting is put oiound boilers and steam pipo% 
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woodeft aro used for gauge glasses, and steam and hot 'vrater 

ooolcB, &o. 

Homal.— The line which fallsperpendioularly to the tangent of a oum 
at that particular point. The normals to the ouires of wheel teeth 
should always, if the teeth are properly constructed, fall on theyarying 
points of cont^t. 

Vonnal Piteh. — The pitch of a screw wheel taken normal or perpen- 
dicular to tlie directions of the teeth, as distinguished from the 
circumferential pitch (q.v.). In screw gears, gearmg together, the 
normal pitches must be equal. 

Hose. — The front of a spmdlo, or generally any projecting part, as a 
mandrel nose. 

Hose Bit. — A shell bit (q.v ) which is provided with a nose or lip at ths 
cutting point fo • the withdrawal of tiio core from the wood. 

Hose Helve. — See Helve Hammer. 

Howel — A term sometimes used to designate the inner core of a loam or 
other mould, but chiefly when the mould haj>pens k) bo a largo one. 

Nozzle — (1) A contracted channel of, exit for effluent fluids, by which 
their velocity of efflux is increased. (2) Also the discharging end of any 
tube, as that of a tuyere, for example. 

Humber One Iron — See Puddled Bar. 

Humber Tro Iron —See Best 

Humerioal Co>efficient. — See Co-officicnts. 

Hut. — The loose head which tightens a bolt, usually rectangular or 
hexagonal in fonn, though sometimes circular. 

Hut Brown Colour — The colour at which most turning tools for metal, 
particularly for wrought iron, are tempered It corresponds with a 
temperature of about 540° F. 

Hut Lock — The means adopted for securing a nut in place so that it shall 
not slacken back and become loose in consequence of vibration. There 
arc many such devices, as pins, wedges, Ht‘t screws, keys, &c. 

Hut Machine — A maclimo for cuttmg and punching nut blanks. Nut 
making is a specialty. General engineers buy their nut blai^ and 
washers cheaper than they can make tliem. 

Hut Mandrel —See Mandrel 

Hut Tapper.— A Balt Cutter (q v ). 

Hut Wrench. — A spanner (q.v.) or a screw wrench (q.v.). 


o. 

M. — The Greek letter Omega is used in mechanics to signify the angular 
velocity (q T ) of a body 

Oak. Sp. gr. *93. A hard, durable, venr strong wood employed 

for a vast number of purposes by engineers. It is especially valuable 
in works which are expos^ to the weather There are several varieties, 
Qtwreut pedunmlata, or the stalk ^pointed oak, and Querem 9et$\l\floray or 
duster-pointed oak, being the European varieties. The latter is the 
more straight-grained of Uie twp, the former the more floxiffle. Qttsreu$ 
rohur is the English oak, and is superior to any other. The and 
white oaks and the live oak oome from North Ainerica. The ultimate 
tanaoKy of KngUah oak la about 15,000 lbs. per aquare Inch of aeotioii, 
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sad s <mbio foot weiglis 58 lbs. Osk charooal is used lor the Hack* 
Ifltf {q*v.) of foundry moulds. 

0i51ltrk.-~8oe Tanmc Acid. 

OhU^ue Ares. — ^The area of the faoe of a propeller blade. See Screw 
Ares. 

Oblique Joint Steam Chest.— See Divided Steam Chest. 

Oblique Section. — ^A section (q v ) taken obliquely or at an angle across 
the drawing of an object. The precise direction of an obbque section 
would be indicated hy a dotted lino and reference letters. 

Obliquity of Connecting Bod —This signifios the angle made by the con- 
necting rod of a steam engine when the crank pm is at the extreme 
upper and lower portions of its path respectively. The effect of the 
obliquity is to cause tbo slide %'alve to open the ports unequally at each 
end, the port being closed and opened a little earlier at one end than 
at the r)nier Kor this reason flie eonnwting rod is always made as 
long as circumstances will permit of, in order to dimmish the amount of 
obliquity. 

Obtuse Anglo. — One which is greater than a right angle. 

Obtuse Angles — See Angle Irons 

Ooolnsion of Oases. — lt<Hl-hot metals allow of the passage of gases through 
their substanee , tbo gases are then said to r>e occluded Occlusion 
plays an important part in the carbunsation of iron The exact method 
by which iliis is efl’ccUHl is doubtful, but probably the carbomc oxide is 
dissociated and d<'poMiU carlsui m the port's 

Odd Pitch.— The pib h of a screw is H,im t-o bo odd when it is cither not 
of the same pit/ li, or not some aliquot }>art of the jab'h of the leading 
screw of tht' lathe in i\hi< h it is Inung cut Thus with a Ic.iding screw 
of two threads b) th(' in<’h, thro<‘, or nine, or eleven threads would Ih) 
odd pitches. 

Odontograph." A scale iniented by the late Professor Willis of Ciun- 
bridge, to simplify the marking out of wheel teeth Tables of appro- 

{ irinte iiundK'rs are gnen u|s»n the scale for wlu'ols of vanous pitches, 
)y which suitable nidn for the teeth of those wlus'ls are obtamed, tho 
ceiitn*8 of the radii In'ing given by the setting of the slant edge of tho 
wtulo against tho radial lines runnmg from tho centre of tho wheel 
through the pibdi lines 

Oil Boats.— 'J'he rtM'eptaolos for tho wraste oil at tho ends of the bed slides 
of planing inachiiu's. 

Oil Can.— A tin or brass can ('ontaining the oil used for purposes of lubri- 
cation. The best form of oil ('an is that m winch the inb'mal opening 
to the spout IS clost'd }ty a e/ncr when not in use, and ojionod only by 
the pressing down of a le\cr and spring. 

Oil Cataract. — An oil cylmd/'r (<i v ) 

Oil Collector.-' A >osscf jinnuUsi to catch superfluous oil from bearings, 
either to pre\eiit the •(oilmg of adiacent jiarts or for rc-utilisation. It 
usually consists of n tray <»f some Kind or another 
Oil Oup. — A rtxH'ss or hollow' fonned m a casting for the reception of oil 
used in lubneation. 

Oil Oylindar, or Oil Cataract — A small cylinder used for controUmg the 
amount of movement of the pisbm in a st^^^ara reversing cylinder (q.v.). 
The pressure of the oil against the piston m the oil oylindor is regulated 
by a cock. 

(Hler. — An oil can (q.T.)i or more specially an oil oan of eiae lor 
bonoh use. 



Oil Pn«l.— In the form of a jet is used in some boil® 

Oil Grooves, — Small semicircular or nearly semicircular groovMi OTt in 
the internal faces of brasses and on the sliding surfaces of mactoer^, 
for the duo distribution of the oil for lubricating purpoaes. The oil 
grooves are cut diagonally across the bearing surfaces. 

Oil Hardening.— The hardening of steel, effected by quenching it in oil 
instead of m water. The effect of oil hardening is the Jess raj>id 
coolmg of the steel, with a resulting greater elasticity and tendle 
strength, and an absence of extreme hardness. 

Oil Hole. — A hole drilled down to a bearing to form a channel for the oil 
used for lubrication Oil holes are countersunk at the top, the bettor 
to receive and retain the oil, and are usually covered with a pivoti'd 
disc when not in use, to keep dirt and dust from w'orkiiig into tho 
bearing. Tho differcneo between an oil hole and an oil cup or a 
lubricator is, that tho ftirmer convoj s a temporary su]>]>ly of oil to tlio 
beanng, tho latter holds a store in rest'rve, so that while tho fonniT 
requires constant renewal, the latter is only supplied at long iiiUTvals. 
Oiling — See Lubrication. 


Oil Pump. — A small force pump used to provide a constant and positive 
supply of oil under pressure to a bearing, as Uang more reliable, and 
therefore preferable to a lubricator, wdiich acts by gravitation or by 
displacement only. 

Oil Eeiervoir. — A vessel which contains a supply of oil for lubrication. 
It may be tho chamber m an axle box, or in a displacement, or other 
lubricator, or it may bo a tray only whn h supplies tho oil feeders or 
oil pipes for tlie connecting and other rods in maiine engines, 

OU 81ip.~A thm bit of oil stone, whose edge s are roiiiuled in tlie trans- 


verse directior. Used for abrading or fretting tlio hollow faces of tho 
various forms of gouges. 


Oil Stone, or Hone — A fine-grained natural stone, used for imparting 
the final edge to cutting tools by abrasion, oil being ust d to assist in 
the process Tho principal oil shmes, in their dese < nding order of 
ment, are, Turkey, Chonilcy Forest, ArkunH.iH, Orc( uin, and Wusliita. 
Oil sbmes are act in wfxidcn stcK'ks, and juovnksl v\ith covers to pro- 
tect them from dust. They are use<l by w'0(h 1 workirs, and also liy 
iron turners and fitters, for givmg a fine edge to finishing tools and 


scrapers. 

Oil Tray — See Oil Collector. 

Oils — The term oils is applied commonly to tlios«‘ fats wdiu h are liquid at 
ordinary temperatures, while the U‘rm fats is rewerved for those which 
are sobd at the same, notwithstanding iliat tlicir essential chemical 
composition is the same, belongmg to tho class of organic compounds 
termed glycerides. Only the fixed oils concern tho engineer , the essen- 
tial, ethereal, or volatile oils belonging to tho perfumer’s art. It may 
be observed that the distinction denoted by tho two terms is, that the 
essential oils can be distilled without undergoing change, while the 
fixed oils cannot be distillod without undergoing decomposition ; hence 
the reason of the statement that oils cannot be boiloa, smee at their 
boiling points they cease to remain oils any longer All the oils are 
lig^hter inan water, and derived from the anii]^, vegetable^ and minoral 
kingdoms. Their chief nse to the engineer consists in their qualities ee 
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Ittbrloasite (q.T.)* ^ Parity of, aud the various Oils uoted 

under t^ir special headings. 

Oils, Purity ol — ^Tho poritv of the ofls used in lubrication is a matter of 
importance, and when oils ostensibly pure arc purchased, the task of 
detecting adulteration is not difficult, since in the presence of certain 
test agents there we reactions which indicate the freedom from adulte- 
ration or otherwise of the oils subjected to the tests. 

Old Sand. — The black sand which forms the floor of a foundry, consisting 
of various mixtures of sands which have been used for casting m over 
and over again for years. It alone is used in ordmaiy moulding work, 
but for facing, now sands ore used for rammmg around the pattern 
itself, to a thickness of an moh or two. See Facing Sand. 

Olive Oil. — A common lubricant for machinery, used either alone or 
with other oils, Gallipoli bemg considered the best. Beinga vegetable 
oil, and therefore containing resin, it is apt to gum. flasliing 


point of Gallipoli oil is 490^ F. 

Oliver. — (1) The small bft hammer used by smiths, but which has nearly 
disappeared since the introduction of the steam hammer. It consists 
of a norixontal shaft pivoted on end bearings and carrying a hammer at 
the end of its shaft A cord passes from a treadle underneath to a 
lever standing out from the horizontal shaft, and thence to a spruig pole 
overhead. The donression of tho treadle therefore brmgs down the 
Wnmer, and its release allows the spring jiole to lift it again m roadi- 
tiesa for a fresh blow. (2) A pair of swage blfK'ks held in their relatiie 
positions one over the ower by means of a spring handle. Sometunes 
umnod boUipcr. 

Opau Belt. — A driving Iwlt (q v ) which passes directly m one piano from 
pulley to pulley. W ith ru open belt tho driving and driven pulleys 
both revolve in tlio same direction. 

Open Divided Scale. — A scale used for drawing purposes in wluch only tlie 
end primary divisions are divided into fractional parts, leaving tlic central 
ones open and clear without subdiMsions. In reading off subdivisions 
therefore the mmsuromont is commenced in tho body of the scale, and 
tho fractional portion is read off at one of the ends. 

Opea-end Bolls. — Mill rolls, free or unsupj^rted witli housings at one end. 
Used for rolling rings, tyres, Lc , wlutdi must bo shd on and off from 
the end. 

Open Frame Conneeting Bod.— Sen Bow Connectmg Kod 

Open Hearth.— lias reference to stocl-muking furnaces built on the rever- 


pulley to pulley. \V ith au open bolt tho driving and driven pulleys 
both revolve in tlio same direction. 


Open Hearth. 


ierenco to stocl-making furnaces built on the rever- 


beratory tyiH*, tliose being termed open hearth furnaces, and their 
methods of manufacture ojxui licartli processes 
Opening Ont. — Enlarging tho diameter of a liole by means of a reamer or 
broa^. 

Open Joint.— A term applied to tho mode of jointing tlie broad-plated 


increasing its width, and if its width is confined by other timber 
ottnohed thereto, of producing curving. Wide plates aro for this reason 
Jointed in narrow aeparate pieces, the edges of the joints remaining 
nboat of an inch o|>0n, so that local extension takes place without 
affecting the outside dimensicms to any appreciable extent Ckmveraely, 
the moidng of open joints prevents me ]^te from curving or oontraot- 
ing by the after diyixig m the stuff. Timber jointed thne ie held 
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togcrtlier by oroes strips or battens, or by some other mrtions of ths 
pattern, light-fitting dowels are often inserted to assist the iointing. 

ipsa Tinlr. — A slot link (q.Y ) in which tho slot for the slide block is 
fectly plain, the block bearing upon the inside faces of the slot. The 
term is used to distinguish it from the box link (q.v.). 

Open Month. — A punch or punching bear is open-mouthed, when both 
sides and front are free for the insertion of tho work, as distinguished 
from close mouth (q.v.). Used more especially for tho punching of 
plates. 

Open Pattern. — A skeleton pattern (q.v.). 

(^n Fig. — Pig- iron having a largely crystalline structure, this being a 
characteristic of tho soft irons nch m carbon, or the Nos. 1, 2, and 3 
foundry pigs 

Open Pit.— S(M3 Foundry Pit. 

O^n Eodi— See Crossed Rmls. 

Open Safety Valve — One which is not a lock-up valve. 

O^n Band. — A foundry mould has in most cases a top covering of sand, 
and IS therefore enclosed on all sides. But in very rougli castings tins 
ttip 18 often dispensed with, and tho casting is then said to bo made in 
open sand. The surface is necessarily extremely rough and uneven. 

Open-topped Furnace. — Tlic older form of blast furnace in which the 
waste gases were allowed to escape into tho atmosj)hcro Open-toppod 
furnaces now chiefly linger in Scotland and South Staffordshire. 

Open-webbed Girder —A Lattice Girder (q v ) 

Opposite Angles. — A teiin given to rolled iron bars whoso section is that 
of a double angle iron, the parallel flanges being set off on opposite 
faces of tlio central web 

Order Humber — In largo factoric'* it is neccssarjr, in order to avoid 
oonfusion in tlie charging of time, to give to each ^ob or order its H|X)ciul 
number, by nbidi alone it is known and distinguished from all others. 
But to avoid tlie inconvenience of very high numbers tho custom is to 
class them iii sets under Uie letters of tho alphabet, in other woixls to 
give to A a thousand numbers, Al, A2, A3, &c,, then to take B, Bl, 
Bi, kv , up to its thousand, and so on These are called tho order 
numl>erH, and their employment both saves tune and facilitates refer* 
dice at a future penod. 

OrdiuatM.— Lines drawn at right aiigb's from either axis of a conic 
section to the circums<*nbing cmJe. 

Ore —Metals m tlieir crude condition as found naturally associated with 
€‘arthy matter or ganguo. Oi*e is sometimes called mine. 

Orifices — Commonl)' applied to tho openings m the sides of vessels from 
VI Inch liquids are permitted to issue. 

Orthographic Projectioii.— See Projection 

Osci ll ati wg Cylinder. — AsUam engine cylinder smqicnded upon hollow 
trunnions and oscillating thereon, f-o that the piston rod and cylinder 
accommodate their motion to that of the crank at all parts of tho revolu- 
tion. The trunnions are made hollow, and f umislied with ports for the 
passage of the steam. 

Oteillating Engine. — A marine en^ne furnished with oscillating cylinders 
(q T.) It is a direct*acting engine and occupies but bttle space, and is 
espemlly adapted for paddle steamers, but for screw propulsion it has 
bera almost entirely superseded by the more modem compound engines 
of the inverted cylinder type 

Oi dll a tfng fitmsas, or Altmats B tris ssi . Are those by wbiob 
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•trtictctrefly or themeinbers of stmotures are placed alternately in tensioii 
and oompreseion, as for example in coimterbraced structures, subject to 
alternate moving loads. The conclusions deduced from the expenments 
of Wohler in this direction show that when a bar is subject to these 
oscillations in stresses, the total stress on the bar is equal to their sum, 
that is, supposing a tensile stress of two tons, and a compressive stress of 
two tons, alternately apphed, the*eguivalcnt is a total stress of four tons. 

OfOiUation, Centre of. — See Centre of Oscillation. 

Out and Out. —See Over-all. 

Outdoor Foreman. — A man whose duty consists in taking general super- 
vision of repair works and the erectmg of work sent out from the shops. 
He 18 expected to give estimates or to furnish the necessary data for the 
giving of estimates by the firm, to fiillow the work through, and to be 
generally responsible to his emjdoyers for the proper carrying through 
of the same. 

Out of Gear. — Wlioels are said to be out of gear when their teeth are 
disengaged fiom one another, either in conwvjueuco of l)eiiig drawn 
backwards until their points clear, or endways until their flanks are 
no longer in contact 

Out of Truth. — A shop term signify mg inaccuracy of w'ork A winding 
piece of board or metal, or a wobblmg or eccentnc piece of latlie work, 
IS said to bo out of truth 

Ontiide Caliper.— S('e Caliper. 

Outside Crank —An engine crank which occupies a position on tho 
outside of the crank sliaft bearing or liearings 

Outside Cylinders. — Locomotive cylinders placed outside the framing and 
connected to pins on tlie driving when ls 

Outside Fire Box. — That portion of a locomotive boiler which encloses 
the actual or inside fire box (q v ) and which presents a large water 
surface tlierofore tt) tho action of tho fire 

Outside Gouge. — A tinner gouge, so called because the bevel is ground 
upon the outside or rounding face. 

Outside Lap, or Steam Lap — Lap (q v ) given to a slide valve on the out- 
sido edges as distinguished from exhaust lap (q v \ Tho amount of 
outside lap is a measure of the ratio of expansion oi the steam, an early 
cut-off unplying a high ratio of expansion 

Outside Screw Tools. — Chasers (q v ) or comb tools, used for cutting or 
chasing external screws in tlio latlie. 

Out Stroke. — Tho forward stroke of a gas engine piston, that is, in a 
direction away from tlio ignition chamber. It is produced by the 
explosion of tlio gaseous charge 

Outward Flow Turbine.— See T^bino. 

Oval. — An egg-shaped figure, tho curves of whose ends are unequal. 

Oven Coke, or Hara Coke. — The hard coke productnl by the distillation 
of coal in ovens, Of tho latter there are several kmds m use, tho 
Appolt, Copp 6 e, Corves, and Pemolet. It differs from the gas coke of 
the works in being distilled at so high a temperature that the 
gaseous hydrocarbons are partially decomposed and deposit their 
carbon in the coke. Its value depends upon its hardness and density 
and richness in carbon, and it is employed for the meltmg of metal in 
the cupola, for which gas coke would be imsuitable. 

Ovtr-all. — A common term in the workshop sigmfying an outermost 
dimension embracing the utmost extent ii the dimension. Out and 
out is an equivalent term. 
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Ortfldoir. — See Afterblow. 

Orerflow Talye. — Any valve by wbioh surplus liquid is sUowod to run 
uway. Overflow 'mves occur in injectors and tanks. 

Ihrerbanging Gylinders. — Engine cylinders wbioh are bolted to the ends 
of their bra plates instead of upon their faces. The advantage olaimed 
is the lowei^g of the piston rod centre and the shortening of the 
foundation for the bed. 

Orerhanging Pulley.— A pulley which is attached to the overhanging 
portion of an overhanging shaft (q v ). 

Overhanging Shaft. — An end portion of a shaft which projects beyond 
its be^ng, being supported therefore in one direction only 

Overhauling. — The puiling down of the slack of a hoisting chain. To 
effect this it is necessary to attach a pear weight (ci v ) or a balance 
ball (q v ) to the end of tlio chain next the hook, where a snatch 
block 18 used, its own weight is usually sufficient to effect the over- 
hauling of the ( ham. 

Overhead Crank. —The crank of a vertical engine, the cylinder being 
lowermost, to distimruisti it from nii inverted cylinder engine. 

Overhead Gear — Sec Pit-llcad Gear 

Overhead Traveller, or Overhead Travelling Crane. — Usually consists 
of a crab mounted on a gantry and worked cither by hand or steam. 
When a crane is used the tt'nn gantry crane (q v ) is more properly 
applied to it. When a oral) is worked by steam the engine may be 
citiier mounted on tlie crab itself or both tlio crab and gantry may be 
driven through rope gearmg from a source of power situated below, 
and at a distance thcrefrora Tlio advantage of overhead travellers is 
that they leave a clear space for working undenieath, and travel up 
and down and across the shop without interfering with the operations 
on the floor Tlio gantry truss is earned on g^ders or beams at each 
side of the building 

Overhead Travelling Crane. — See Overhead Traveller 

Overheating — (1) Causes iron and steel to become burnt. The over- 
heating may be produced bv a bnef exposuie to a white heat or by a 
lengtliy exposure to a lowei i ‘mperaturo (2) The overheatmg of bouor 
plates 18 due to the accumulations of sludge, or of incrustation withm, 
or to insufficient supply of water. Tlie effect of overheatmg is to soften 
the plates, which then become bulged or fractured by the internal 
pressure 

Over Lap — The overlap of plates is the amount by which one rivotted 
plate extends over the other. The overlap of nveted plates should bo 
such that the distance fnim the edge of the nv(’t holes to the edge of 
the plate should not be less than the diameter of the nvets. 

Overlap Joint. — A riveted jomt of boiler or similar plate m which the 
edges of the plates overlap to an amount sufficient for the reception of 
the rivets lliis is the reverse of a butt-nveted joint. 

Overpoled. — Sec Polmg. 

Overpresiure. — Tlie pressure of steam in a boiler beyond that which it is 
designed to sustam It is of course a relative term, dependmg on the 
capabihty of each boiler itself, so that while 140 or 150 pounas would 
not be overpressure in a new boiler of the locomotive type, 40 or 45 

S ounds would be overpressure m a Cornish or Lancashire boiler of bad 
esign and improperly stayed. Overpressure follows from overloading 
of the safety valve, or stickmg of the valve, and from the giving way 
of weak sectioiis of the boiler, too weak to withstand the ordinaiy or 
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the flodden stxainB to which they are subjected, as seams, xingi^ 
Beatings, stays, &o. 

Orer-ranming.— Hard Ramming (q.v.). 

Orer-mnning. — ^Refers to the case of the unequal velocity ratio of driving 
and driven wheels Thus, if the force of momentum generated by the 
revolution of a driven wheel exceeds that generated m the driving 
wheel the former will overrun the latter instead of being controlled by 
it. Over-running is due to extreme and rapid variations in the driving 
force exerted. 

Orer -riding — ^Riding (q v ). 

Overshot "^eel. — A water wheel which is turned by the gravity or 
weight of the water emptymg itself into buckets at Uie top of the 
periphery. 

Overtime — All time worked over the specified nominal number of weekly 
hours. Sometimes, in balancing up, each day’s time is taken disimct 
from that of any other day, but commonly the whole week’s accoimt is 
taken, so that the advantage of overtime worked on any one day 
is sacrificed by time lost on another. Overtime is always paid for at a 
higher rate than tlio ordinary, usually at an advance of twenty-five 
per cent , or as the men say, “time and a quarter ” For working all 
night, fifty per cent more is commonly paid, while for very urgent 
work, as Sunday labour, breakdowns, &c , from fifty to a hundred per 
cent. 

Ox Gall. — Is used by draughtsmen to impart fluidity to them colours. 

Os Hides. — The best leather belting and laces are made from ox hide 
tanned with oak bark, the chief supply commg from Amenca. 

Oxidation — The chemical combination of certam of the elementary 
bodies with oxygen gas in the presence of water. Its effects are of 
vast interest to tno engmoer from the part which oxygen plays in the 
processes of the blast funiaoo, tlie processes of manufacture of wrought 
iron and steel, the preservation of iron work, the mixing of alloys, the 
making of rust joints, &o. All the metals us^ by engineers are directly 
oxidisable 

Oxide. — ^Tho direct product of oxidation (q v.) The metallic ores are 
chiefly oxides. The presence of oxides prevents the makmg of welded 
and soldered joints, hence the addition of substances to unite with, and 
flux off the oxides Oxides m metals m small quantities arc a source of 
weakness. 

Oxygen. — Symbol, O. Combining weight, 16. The vital element in 
the atmosphere Its presence is essential to combustion and it enters 
into combination with the carbon m fuel to produce heat m furnaces. 
In union with metals it forms oxides 

Oyster Shelli — Sometimes used as a flux iu iron melting m the cupola, is 
place of Umesionea. 


P. 


ir. — ^The Greek letter Pi, which is used to denote the rdation of ciroam« 
ferenoe to diameter =: 8*14159. 

Packing.— (1) The material, hempen, metaUio, or otherwise whkk is 
enclosed in a etnffing box (q.v.) for the purpose of rendoriag the 
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Btovinff rod, steam or water tight. (2) The act or process of insertioxv 
of packing material. (3) Blocking (qv.). (4) Leathers (q.v.) 

termed packings. 

PlMking Case — ^All except the largest and roughest metal and timber 
work, is enclosed in packing oases before it leaves the yard for deliv^, 
^e cases are made of spruce deal, of about 6 ins. X 1 in* scantling, 
nailed with battens, and banded with hoop iron. Bor foreign transit 
the joints of the cases are lined with canvas cemented with marine 
glue. Where numerous irregular-shaped pieces are enclosed in a case, 
they are prevented from shiftmg by bars, stays, or blocks of wooa 
placed crosswise m the box. Packmg-case makmg is a special occupa- 
tion and a department of the carpentry. 

Backing Pi^oe . — A plate of wood or metal interposed between parts to 
make up a dimension or to afford a base for the attachment of a bracket 
or other work. See Patch Piece. 

Paokiiig Bing.— (1) A piston ring (q v.). (2) A ring of metal int^uoed 
into a groove on tne back of an equihbrium slide v^ve. See Equilibrium 
King (3) Metalhc packmg 

Pad. — The socket of an ordinary brace. 

Pad Chuck. — A square hole chuck m which the ordinary brace bits are 
used, the square hole or socket being of the same siiso as that m the 
brace 

Paddle.— A flat tool employed by pu Idlers, for spreading the substances 
used in cx)ati^ or fettling the j ud Uing furnace, over the bottom. 

Paddle Shaft — The shaft which carries the paddle wheels of a steamer and 
which 18 driven directly by the engme cranks. 

Paddle Wheel. — A wheel which propels a steamer by means of the resistance 
offered by the water to float boards arranged round its periphery and 
revolvmg with the w heel A paddle wheel is hung on each end of the 
paddle ^aft, which shaft is cranked and moved directly by the 
connecting or piston rods from the engine cylinders. Paddle who^ are 
either of tne r^al (q v ) or feathering float (q v.) typos. 

Pad Saw, or Keyhole Saw. — A small narrow saw whicm slides within a 
hollow handle or pad, and is secured m place by two sot screws. Used 
for sawmg curves of small radius, and holes in the contra! portions 
of work. 

Paint. — All ironwork is painted to preserve it from rpst. Before inspection 
it 18 only brushed over with linseed oil. Afterwikds with three coats of 
ordinary lead or other paint. Chains are painted with hot coal tar, the 
chains bemg usually heated in a stove or over a clear fire before ^e 
application of the tar. For bright work pure white-lead paint, or 
tallow, or patent composition is used. also Bituminous Paint, 
Iron Oxide Paint, Silicate Paint. 

PainUng — The application of any coating or preservative preparation to 
the surface of work is designated pamtmg. Thus foundiy loam moulds 
are painted with black-wash, castings are painted with preservatives 
against corrosion, and lubricants are painted over broad surfaces. 
%^eel teeth are pamted with anti-friction mixtures, the wafters of 
Boots blowers are painted to ensure smoothness of motion, &o. 

Pals Oils — See Clear Oils. 

Pallets. — ^1) Square or circular yessels used by draughtsmen for rubbing 
and mixing colours (see Square Tile, Wheel Slope, and Cabinet Nest). 
(2) The plates of a oham pump (q-v A 

Pwi Paa^ Peen, Peia« or Paae.*— The smaller or narrower and of a 
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baxmner head. It is termed a ball pane when it is spherical in form, 
cross pane when in the form of a narrow round-edged ridge placed at 
right angles with the axis of the shaft, straight pane when a ridge of 
the same character runs longitudinally. 

Panel. — (1) The central thinner or recessed portion of a piece of work. 
GeneraUy, a plam recess. (2) A bay (q ▼.). 

Panel Oange — A marking gauge for wood, but longer than the ordinary 
bench gauge, being as much as 18 ins or 20 ms long. So called 
from its use in gauging the widths of panels. It is us^ for all stuff 
over 8 ms. or 10 ins. m width. 

Panel Machine.— A machine for planing up thin timber of small 
dimensions. Also called panel planing machine 

Panel Saw. — A small hand saw 26 ins. or less in length, and containing 
from seven to ten tooth per inch. It is used chiefly for cutting the 
shoulders of halvings and tenons, and for light work generally 

Pan-head Bivet. — A nvet the form of whoso head is that of the frustrum 
of a cone, or of a pan inverted. 

Pantagraph. — An instmment used for copying drawings either to an en- 
larged or to a reduced scale. It consists of four rods jointed in pairs 
with knuckle joints, and a fixed point, a tracer, and a drawing point. 
The relative positions of the rods are arranged by means of thumb- 
screws set in certain holes m the two pairs, and the fixed point is set in 
a board or table , the tracer is passed over the ongmal drawmg, and the 
drawing point, or pneker, describes the copy. 

Pap.-A short pm or stud formmg a projection on a casting which has to 
be turned, and which without it could not conveniently be chuc ked It 
is, therefore, a chucking or centring piece simply, and being such, is 
cut off after its purjiose is fulfilled 

Paper Joint. — A mode of temporary jomtmg employed by pattern-makers. 
In works of a circular character, such as gear-wheels, which are built 
up in segments on a face chuck, the first course of segments is glued, 
not directly to tlie plate, but to an intermediate thickness of paper, the 
paper being laid down underneath the meeting of the end joints. This 
when set dry and hard is sufficient to retain the segments m place 
during turning, but when the work is done the entire ring is really 
lifted from tlie plate without splitting of the wood, the paper dividing 
and tearing through the centre of its substance. 

Paper Seale. — A scale used by draughtsmen, made of a slip of tliick paper. 
Those are sold singly, or m sets of a dozen each Each slip has one 
edge only marked out, and that with a single scale, and fully divided. 
They are preferred by many to the ordinary wood scales for this reason, 
and also because of their flexibility, by virtue of which they can be 
carried round curved lines. The obj'ection to their use is that they 
become dirty, and if, on the other hand, they are varnished to preserve 
them clean, Aev shrink. 

Paper Weight. — Flat paper weights are used in drawling offices for hold- 
ing dniw'mg^ open. 

Parabola. — A section of a cone taken parallel with its side 

Parabolic Girder. — A form of bow-stnng girder, the outhne of whose 
bow is that of a polygon inscribed m a parabola. Used on bridge 
work. 

Parabolic Governor. — A governor (q v.) in which the points of suspension 
are so adjU8t<Hl rclativily to the length of the anns that the patli 
described bv tlie balls is approximately that of a parabola. Governors 
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of this o!asa are extremely senaitiye, and are known as crossed*arm 
governors. 

Parallel Fence. — K fence (q.v.) which stands rigidly at right angles with 
the saw-table, as opposed to a canting fence, which can be altered to an 
angle. Most fences arc made movable for both kinds of sawing. 

Parallel File, or Dead Parallel File. — A file in which there is no taper 
whatever lengthways. 

Parallel Forces. — Forces which act in parallel Imos Their resultant is 
equal to their algebraical sum, and the pomt at which their resultant 
acts IS called the centre of forces. 

Parallel Iron. — A plane iron of parallel thickness throughout. The ad- 
‘I'tuitago of its use is that tlie mouth of the plane is not increased in 
■w idth by the wearing backwards of the iron, as m the ordinary taper 
form. 

Parallel Lines — Parallel Imcs are hnes which are m the same plane, but 
which if produced to infinity would never meet. 

Parallel Motion — A senes of levers employed for the purpose of adapting 
the curved movement of the end of the beam in a beam engine to the 
rectilinear motion of the piston rod There are several such arrange- 
ments in use Sec Back Link, Mam Link, Parallel Pomt, Parallel 
Rod, Riidius Rod. 

Parallelogram. — A plane quadrangular or four-sided figure, whoso oppo- 
site Rides arc parallel and equ.al. 

Parallelogram of Forces. — This is a principle of the utmost importance m 
mechanicv, and is constantly employed m calculating tho stiains on 
different members of built-up and braced fitructurcR It may bo stated 
thus — If tho magnitude and direction of any two forces acting upon a 
pomt be represented by two lines, and if the parallelogram of which 
those Imes form tv o sides be completed by two other linos equal and 
parallel with the fir^t, then tho diagonal of the parallelogram, which 
passes through the pomt where these forces act, wul represent tho mag- 
nitude and direction of tho resultant. 

Parallel Point — That jiolnt or centre in the arrangement of levers for 
parallel motion (q v ) in -which tho motion first becomes rectilmear. 

Parallel Print. — A prmt (q v ) whose sides are parallel instead of being 
tapered in the usual manner Prmts are parallel when they are circular 
and mould sideways, since the curve of the circle itself tlien gives suffi- 
cient ti^r for delivery. 

Parallel Bod — The rod which connects tho main and back links (q.v.), 
in tho arrangement known as parallel motion. 

Parallel Buie. — (1) A double rule employed by draughtsmen. Diagonal 
and parallel jomting strips of metal maintam the blades parallel with 
each other m all positions. Parallel lines are oftener marked without its 
aid by holding the stock of the X -square agamst an edge of a drawing 
board and sliding a set -square along the edge of tho blade, marking 
Imes therefrom at the distances req^uired. (2) A common form 
parallel rule is that m which a roller is inserted in the body of the rule 
runmng in bearmgs therein. The lower edge of tho roller stands 
juit perceptibly beyond the face of the rule, so that it carries tho rule 
over the paper on me principle of the ordinaiy round ruler. 

Parallel 81iank.->See Shank. 

Parallel Strips. — ^Winding strips (q-v.). 

Parallel Viee.-~A vice, the surtaxes of whoee jaws always retain a 
parallel position in relation to each other, no matter what tho width of 
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opening may be, which is not the case in the ordinaiy hinged or tail 
Tices. Parallel Tices are used chiefl7 in the fitting shops for the better 
classes of work. 

Puing Chisel. — long paring tool siniilar to the ordinaiy chisel, but 
about twice the lengw of the firmer tool. Patternmakers use these to 
the almost entire exclusion of the others, as bemg more convenient for 
their special work. Paring chisels are seldom driven with the mallet, 
but actuated hj hand pressure alone. They are made in widths ranging 
from ^ in. to 2 ins. 

Paring Gouge.— A long paring tool differing from the ordinary firmer 
gouge in its increased length, and m bemg ground on the inner curve, 
hence called an inside gouge. These tools are not driven with the 
mallet, but with the hand only. They range from J in. to 2 ms. m 
width, and are used by patternmakers chiefly, for cuttmg tlie various 
curved outlmr s of their work. 

Paring Tools. — All tools which act by splitting, or which remove the 
fibres in a direction approximately parallel with their cutting faces. 
Chisels, gouges, planes, axes, and tools for metal turning and planing 
generally, may be classed as paring tools Patternmakers’ long chisels 
and gfouges are specifically called also paring tools, to distmguish them 
from the short or firmer tools (q.v ). 

Part. — One of the sections with which a moulding box is built See 
Flask, Top, Bottom, and Middle Parts, Three -part box, Cope, 
Drag, &o 

Parting — (1) The sand joint between two contiguous moulding boxes 
or flasks (q v ). (2) The process of making the joint. (3) The act of 
separating the different l>ox parts. 

ParUng Line. — Tlio joint Ime of a pattern. It may be marked upon 
the pattern, but in most oases has no actual existence upon that, 
only signifying the partii^ or joint made by the moulder on the 
face of the sand itself, Tiio parting Imo may be in a true plane, or 
its outline may bo uneven, irregular, and undulatory m character, 
depending altogether on the ouUine of the pattern. 

Parting Bing. — A heavy ring of cast iron by^ which the parting of loam 
moulds is effected A joint being made as^requirod on any portion of 
a loam mould, parting sand is strewn over, and tlio nng laid upon it. 
On the upper face of the ring the remaining courses of bricKS are 
built and tlio loam struck. The upper portion of the mould can there- 
fore be lifted from the lower, by means of lugs on the ring, and after- 
wards replaced in the same position when ready for casting 

Parting Band. — Sand employed in iron foundries for scattenng over the 
parting surface in order to effect a complete separation between the 
joints of a mould. It consists of burnt sand scraped off the surfaces of 
castings, is loose, and non -adhesive in character ; or baked new sand, 
or powered briokdust, or similar dry material is used. By its use the 
sand in the top and bottom flasks is prevented from mingling, and 
parting surface is unbroken. The layer of sand does not exceS 
m thickness, and it is dusted over by the hand, and blown away from 
the pattern edges with bellows 

Parth^ Bnrfaee. — ^The surface of a moulder’s sand joint wbicL ootree- 
ponds with the parting line (q t.). 

Parting Tool. — A tool for met^ and wood taming, used for cntthig or 
parting off work in the lathe. It is narrow, deep, square across the 
€iid« and the width tapers sUghtly baokwards in order that it shall 
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deal itself in the out, that is, d^all not rub against tho sides of the 
metal which it diyides, and so set up unnecessary friction. 

pMiagM. — ^The steam-ways of a cylinder, embracing both ports, and 
exhaust. 

Passat. — ^The passing and re-passing of malleable iron or steel bars, 
through tlie rolls of rolling-n^ls. See Lost Pass. 

Pasty. — ^The pasty condition of iron is that which is intermediate between 
the solid and fluid state. All irons do not pass through the x><^ 6 ty 
condition. Grey irons pass directly from the solid to the li^d state, 
while the white irons go through the intermediate stage. Hence the 
former are used for the finer class of castmgs, for which the latter 
would be unsuitable. The value of wrought iron is due chiefly to the 
readmess with which it can be made to assume any desired outline 
while in a pasty condition. 

Patch — A plate of wrought iron, or steel, or sometimes of cast-iron, 
riveted or bolted to broken parts for purposes of repair. Broken 
castings are sometimes patched in this way in preference to replacing 
them with new. Boiler plates are often patched, and so also is plated 
w ork generally which has been mjured by corrosion or accident. 

Patch Piece, or Patch Plate. — A castmg bolted to wrought iron work to 
form the base for the attachment of another castmg, the patch plate 
being an intermediary to facilitate the process of fittiiig-up and attach- 
ment It may be considered as a packing piece. 

Patch Plate. — See Patch Piece. 

Patent Fuels. — These consist generally of small coal mixed with a 
cementing farinaceous or resinous substance, pressed into bricks and 
dried 'lliey aro used only where storage space is a consideration. 

Path of Contact. — The path described by the faces and fiAnks of wheel 
teeth mutually engaged. 

Pattern — A model or a counterpart of a piece of work. As commonly 
understood, the model in wood or other material from wlach a founder 
makes his mould This, called the pattern, in most cases constructed 
of wood, 18 rammed up in sand, and being withdrawn, leaves its exact 
impression behind, into which impression the metal is then poured. 
Cores, drawbacks, &c., nave to bo provided for in patterns. 

Pattern Bench. — An ordinary carpenter’s or joiner^s bench, comprising 
top, legs, vice, st^, and drawer. 

Pattern Letteri.— These aro made in cast lead, tin, or brass, and fastened 
upon plates of wood from which the actual name-plates (q.v.l are then 
cast. 

Pattemmaking. — ^That section of engineering devoted to the making of 
the wood patterns or models for foundry use. Pattemmaking not 
only includes the actual construction of patterns, but the making of 
full-sized working drawing's on boards, both for the use of Ihe pattern 
shop and for foundry loam work, the marking out of cored and loam 
work in the foundry, the setting of cores in moulds, the gpearing of 
mortice wheels, and much other work of a miscellaneous character, 
princip^jr in connection with the foundry. 

Pattern Jtoguter.-— A book in which a record is kept of all patterns, and 
their pla^ in the stores, to which the date of their construettox^ 
and l£e job for which they were made, together with other useful 
memoraniu be added. 

Pattern Shop.— IWt department of an engineer’s works in which the 
loondiy patterns are oonstructed. It contains tlie usual wood benohef 
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common to carpenters’ shcmSy sawing stools, and such machines as an 
suited to the capacities and re(^uirements of the shop, as circular, and 
band saws, panel planing machine, or general jomer, together with two 
or three lathes of different sizes. 

Tattem Stores. — These stores contain the foundry patterns, which, haring 
l^en sent back from the foundry and not bemg required again for 
immediate use, are stored away. In this the patterns are variously 
arranged according to their character and value Large patterns are 
placed sometimes in open sheds, covered in at the top but exposed to 
the air at the ^idcs, but the majority are placed in a closed building 
The smaller ones are places! on shelves, tno larger ones hud on the 
floor or suspended from the bejims or rafters overhead Standard 
patterns whieJj are in freijiu'iit request are placed m such positions that 
they can be taken out more r.qudly than those which are seldom re- 
quired In largo stores an attendant is regularly employed to dinoto 
the whole of his time to their storage, and a register is also kept con- 
taining sundry usf'ful particulars of their date of construction, purpose, 
placo of storage, &c 

Pattern Work. — See Pattommaking. 

Paul, or Pawl. — (1) Tho finger or click whu*h engnges with a ratchet 
wheel. (2) Tho catcli whi< h fixes a turnt'ihle (.1) The (*atch or dog 
which prevonta tho endlong inovoment of a crane spindle when made 
for single and double gear S(*e Spiing P.ivvl 

Paul Peod, or Batchet Feed. - Idie feed ot a ni.e hinc effcf led by mi ans of 
a paul and ratchet or small eog wheel The feeds of pl.iiung and 
shaping machines arc effected by means of pauls actuating the feed 
screws 

Pawl.— Si'c Paul. 

Peau. — See Pane. 

Pear-tree. {I^yuts commums.) — Sometimes, though seldom, used in the 
construction of patterns It works sweetly, but is apt to w^arp unless 
very w'oll seasoned Used for set-squares and French curves Sp gr. *73. 
A cubic foot weighs 46 lbs 

Pear Weight. — A weight of the shape indicated by its name, which is 
attached to the lifting chain of acrano just above tho hook, for the pur- 
pose of overhauling or pulling it do-vvn -when there is no load being 
lifted. Tho reason for its employment is that tho weight of tho chain 
itself is not Huftinciit to o\ercoine its own friction on the pulley and 
tho inertia of that portion of the chain winch passes from tho pulley to 
the barrel 

Peaiemeal. — Tliis is used in tho finer and more intricate class of mould- 
ing as a fixing for tho blackening, bemg intermediate between the black- 
ing and the sand In large ordmary and flat moulds the blackmg ia 
flimplv sloeketl over witliout tho intervention of peasemoal. 

Pedestal. — A plummer block (q v.). See Horn Plates. 

Peeu, — See Pane. 

Peg aud Cup Dowells — ^Patternmakers’ metallio dowels, consisting of 
the plain male and female portions without a plate. (See Plate Dowels.) 
The peg or pin is provided with, a tapered shank or prolongation grooved 
circularly, which shank is driven into one half the pattern, and the 
cupped or hollow portion is also ribbed in the same manner and driven 
into the opposite half. The dowels hold, therefore, in the wood by the 
friction of their ribbed surfaces. They are made in brass. 

Psggiag Barnmer.— A rammer with a small rounded head, used for ptees- 
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faur sand around tlie narrower portions of patterns. Hie end of iJie 
hMidle of a larger rammer is often employed as a pegging rammer. 

Pain.— The pane (q.v.) of a hammer. 

Pendant Bracket.— A hang-down (q v.) bracket. 

Pendulum.— The swinging ball and stem of the pendulum form of governor 
is called the pendulum. 

Pendulum Governor. — A governor (q.v.) consisting of a pair of balls 
suspended from arms whose centre is at, or near, the centre line of a 
vertical axis around which the balls rotate It is called the pendulum 
governor because the time of a revolution is affected by the length of 
the axis of the cone just as the time of oscillation of an ordinary pen- 
dulum IS affected by the length of its rod, that is, the time of a revolu- 
tion vanes directly as the square root of the height of the cone. 

Pendulum Hammer, or Monkey — A heavy smith’s hammer, suspended 
by a rope from a beam and furnished ivith a long tail or handle, by 
which it 18 swung to and fro for the purpose of directing blows upon 
ihe ends of largo bars and forgings during the process ot upsetting (q v ). 

Pene. — See Pane. 

Penlng. — Beating over, or smoothing over, a metallic surface with tlm 
pane or pene of a hammer. 

Penstock. — A pentrough (q v ) Also applied to the sluice cocks or 
hatches of largo si/e which regulate the flow of water from the pon- 
trough, or which close the en trance to dry docks. 

Pentrough. — Tlie reservoir above a water whed which supplies the water 
directly to the wheel, the quantity being regulated by a sluice 

Percussion, Centro of — See Centre of Percussion. 

perfect Engine. — An ideal engine which can have no existence in fact, 
but the theoretical performance of which it is convement to assume as a 
^andard for the measurement of the perfonnanccs of actual engines. 

A perfect engine would be one in which there was no loss of heat, or 
one in which the mdicator Ime would be an adiabatic curve (q v ). 

Perf>rated Pulley. — A wrought-iron or steel pulley, which is honey- 
combed with numerous small holes perforate through the plate of 
which it 18 composed, and through which the air escapes, giving the 
belt closer adhesion. 

Periphery. — The surface or plane of the circumference of a cylinder. 

Permanent Coupling. — Any coupling by moans of which the ends of 
shafts are united to make a pennanent line, being the reverse there- 
fore of a disengaging coupling or clutch 

Permanent Load. — A load wdneh is constant and unvarying, and a dead 
load, as the weight of a structure itself, or a load imposed th(*reon, or 
both taken in conjunction as distinguished from a live load (q.v.), or 
from a roUing load (q v.) 

Permanent Set — That amount of deflection from which a beam or 
structure is unable to return to its ongmal form, but which remains 
constant Tlio term is used in contradistinction to that bending 
underneath a load from which a structure recovers on the weight being 
removed. 

Permanent Way. — Includes the sleepers, chairs, rails, fish-plates, points, 
crossings, &c , of a line of railway, as opposed to the temporary lines 
of rails and tramroads laid down by contr^tors. 

Permanent-way Crane. — A crane used as an accident crane, and so called 
because made to run on the jieimanent way. 

Perpendicular.- Synonymous with vertical ; that is a line which etaadi 
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at right angles with the surface of still water is strictly perpendicular. 
But aline is perpendicular to another line or to a plane^ when the angles 
which it majces therewith are equal, that is right angles, no matter 
what position the base line or plane may occupy in relation to the 
horizontaL 

Perpetual Screw. — An endless screw (q.v.)* 

Persian Drill. — See Archimedian Drill. 

PerspectiYe. — Is used only occasionally in engineering drawing, and 
chiefly to assist in the comprehension of a drawing which presents 
some difficulty. A knowledge of perspective is useful also in preparing 
sketches of machines for engravmg, though photography has generally 
supplanted it 

Pet Cook. — An ordinary small plug-cock inserted in the ends of steam 
cylinders to allow of the escape of tho water of condensation on the 
starting of tho engine. But for this precaution the presence of water 
in cylinders having little clearance, would, owing to its incompressi- 
bility, bo a source of danger, leading to the possible blowing out of the 
cylinder ends 

Petroleum Engine — A gas engine in which petroleum oil is fed into the 
combustion chamber and ignited ; its action, due to the expansion of 
the vapour, is similar to that of coal gas. 

PhOBulz Column. — A built-up column made of four or more segments 
united by outer flanges running longitudinally. 

Phosphor Bronse — An alloy composed of copper and tin, to which a little 
phosphorus is added. It owes its value to its great toughness and 
tensile strength, its tenacity varying from twenty-two to tliirty-three 
tons per square inch. It is now very largely employod in bearings 
where durability is required, and in gearing subjected to great stress 
and sliock. 

Phosphor Tin. — An alloy of tin and phosphorus which has been used with 
moderate success for boanngs 

Phosphorus. — Symbol, P Combining weight, 30’96. Enters largely 
into tlie calculations of tho engineer by reason of its influence upon 
iron and brass In wrought iron it produces cold shortness, its 
influenoo being venr decided when present to the extent of *76 per cent. 
It renders steel cold short and ^ aludess for cutting purposes. In steel 
rails it should not exceed 1 per cent. Its separation from the iron in 
the Bessemer process for steel making is accomplished during the after- 
blow ((|.v ). In the basic process the phosphoric anhydride thus formed 
enters mto combination with tho lime of tho charge" to form phosphate 
of lime Tho effect of phosphorus on pig iron is to increase its fluidity 
and hardness, hence pnospnono pig is used for the finer sort of 
casting^. If present in cast iron to the extent of 1*6 per cent, it is 
injurious to its tensile strength. Added to gun-metal it produces a 
tough alloy. See Phosphor Bronze. 

Phototsrps. — A drawing made from another drawing by a species of 
photography, the advantage of the process being the rapidity with 
which any number of copies all preoisdy alike can be multiplied and 
the time occupied in re-(&awing and tracing mostly saved, ^ere are 
three kinds oi phototypes, the blue line, having blue lines on a white 
jmimd ; the white line, with white lines on a bine ground ; the black 
une, where the lines are black on a white ground. For miAing Hne- 
line phototjrjies a printing frame, a bath containing a saturate solu- 
tion of yellow pmssiate of potash, a bath of hydroohmrio acid composed 



downwards on the inside face of the glass m tlw fra^, a 
nreoared copying paper is then laid face downwards on the t<^ of tne 


means of springs and bars of wood (see Printing Frame ) . The frame iB 
then swung over so that the outer face of the glass is exposed to the 
light. In strong sunhght a tracing will probably require from half-a- 
mmute to two mmutes, and a drawmg about tliree minutes, but pro- 
portionally longer in dull weather. Ibe best way to tell when the 
phototype is taken is to hare some strips cut from the drawing or tracing 
paper on which the drawing or tracmg is made, mark some black lines 
upon them, gum them in the frame, and lay some strips of prepared 
paper over these, and then at the end of every minute or two pull one 
of these test strips out and put it into the yellow prussiate bath. When 
the phototype is finished the blue lines will come out on a clear yellow 
ground colour on the test paper. When tlie print is complete the 
prepared paper is taken out of the frame, laid face downwards, and an 
edge of about half-an-mch in width turned up all round It is then 


placed face downwards in the yellow prussiate bath. When the linos 
come out strong like those on the test paper it is transferred to one of 
the water baths and washed well by drawing it rapidly through tlio 
water, then taken to the acid bath and covered with acidulated water. 


A blue deposit will at once settle on the prmt, and on brushing this off 
with a soft flat brush the gfround colour will be found white. It is 
then given a final washing witli a soft brush in the last water bath, and 
hung up to dry. White hne phototypes are put into the frame in tlie 
same way, but they take much longer than tne blue, or from half-an- 
hour to two hours, accordmg to the strength of the hght. But instead 
of passing the pnnt through the yellow and blue baths, it is only 
washed m water until the Imes come out on the blue ground colour. 


Black-line phototypes are printed m the same way as the white Imes. 
The black lines are seldom used, the white and blue coming out best. 

Physio. — Small amounts of various substances added to bar iron used for 
^e manufacture of steel in order to assist in the elimination therefrom 
of sulphur, phosphorus, and other deleterious ingredients. Generallv 
speaking, alw any substance added to a metal or alloy, to improve it. 
Burnt Bt<^l is sometimes physicked. 

Picker, or Picker-out. — A fine-pointed steel wire used for withdrawing 
small patterns from the sand. Lifting screws (q.v.) are used for the 
heavier work. 


Picker-out— See Picker. 


Picking-out. — The lifting of light patterns from the mould with a 
picker (q.v.l. 

Pickling.— (ij A process by which the outer hard skin is removed from 
casting^ beiore tnejr are operated upon by files or cutting tools. Iron 
castings are piclded in sulphuric acid and water, brass castings in nitric 
acid and water. The practice is not much resorted to except in the case 
of small work. (2) The immersion of sheet ironplates used m the manu- 
facture of tin plate in dilute sulphuric acid contained in a leaden 
trongh, by which all oxide is dissolved off. 

Pieeework. — ^Work done by contract as distinguished from day work. 
Hie praettee of pieoewoik m adopted extensively in most depiirtmentir 
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tlL eug^eering exoex>t in pattemmaking, and there also to a limited 
extent. The price for work is usually fixed by the foreman of the 
department, taie custom is for a chargeman to take a job for a definite 
sum, to find employment for the men whom the foreman places 
with him, and to divide the balance, if any, among them, retrying a 
larger share for himself than for them, by reason of his increased 
responsibility. The balance is not paid until the work is finished, but 
eacii man taxes his ordinary wages, together with overtime if worked, 
as long as the job is going on. If there is a deficiency, the custom 
varies m different shops ; m some the deficiency is made good from the 
first subsequent job which shows a balance, in others each lob is con- 
sidered independently of every other, and though the workman may 
have a deficiL on one, if he makes a balance on the next he reaps the full 
advantage of it. But a man rarely suffers actual loss, that is, receives 
less than his usual wages. 

Piecework Note, or Contract Note — A paper given to a workman who 
receives a job to be done at a definite price It contains the dest*nption 
of the job, with its order number, price, date of giving out, n ime of 
man, and of his mate or mates ; and a counterfoil of it is kejit by the 
foreman or manager. 

Piercer — A vent wire (q v ). 

Pig. — (1) A bar of cast-iron of socti m, and weighing about a 

niinaredweight So called lioeausewhon run from the snu Itiiig fuiiiaco 
it paHs<>s through a largo int^TmiHliate reservoir called the sow, irorn 
which the smallcT moulds or pigs diverge See l*iir Iron (2) Lc'.id is 
cast into pigs when it loaves the improving furnace (q v ) of about the 
same weight and shape ns pig-iron, but somewhat flatter. (3) Bais of 
blister cojiper (q v ) arc termc‘d pigs 

Pig and Ore Process. — See Siemens lYocoss. 

Pig and Scrap Process. — See Siemens-Martm Process 

Wg Bed. — The sand lied containing tho moulds mto which pig-iron is 
run from the blast furnace 

Tif Boiling, or Wet Puddling — That form of puddling in which the iron 
18 punfli^ while m a molten condition, in a reverberatory, ora revolving 
furnace A layer of slag upon the surface protects the metal from the 
action of tho air, and tho docarburization is effected by the oxide of 
iron in tho fettling (q v ) and in the scale present. 

Pig Iron. — The cast-iron of commerce It is classed according to quahty, 
number one, two, thrc'e, &e , tho greyest, softest iron being at the 
beginnmg, and the hard white irons at the end of tho list , one, tw^o and 
three are foundry pigs specially, being most suitable for castmgs, while 
the numbers a^vo these are chiefly employed for conversion mto 
wrought iron. See Foundry Pig, ana Forgo Ihgs. 

Pig-iron Breaker. — A machine us^ for breaking up pig iron into short 
lenj^B for remelting in the cupola. Blake’s machine will break a ton 
a imnute. In tho absence of a machine, pig is broken either with a 
eledgo hammer, or by throwinjj* the bars down upon tho angular 
edge of a mass of iron embedded m or laid upon the gfround. 

Fig Xonld, or Catting Pit — The receptacle for tho refined iron which it 
tapped out from the refinery (<][ v ) It consists of cast-iron blocks 
rented and luted together with fire-clay, and in oommunicatioii 
with the refinery through a plate. It rests upon a cistern of brick- 
work, or cast-iron, through which a current of cold water ciroulatee 
in Older to oool the mould. A rib it often left in the bottom of ^ 



mould to produce a line of weakness in the plate to facilitate its break- 

Pi« The pile of pig iron in stock in an engineering works. 

pUe.— (1) The fagot of puddled bar prepared for the reheating fumaoe. 

Fagoting. (2) Squared timber driven into the beds of streams, 
or into uncertain and marshy ground, to form the foundations of bridges 
or buildings. The point of the pile is enclosed in iron, and the head 
encased with an iron ring to prevent sphtting of the wood. See also 
Screw Pile. 

Pile Cap. — A beam which connects the heads of piles 
Pile Driver. — A vertical framework, provided witli guides for carrying 
a descending weight, or monkey, which, being first of all elevated to 
the top of the framing, is allow^ to fall by the force of gravity on the 
head of the pile. Pile drivers are worked eitlier by hand or by steam, 
from a crab winch. 

Pile Hoop. — An iron band, or bond, shrunk on the head of a pile to 
prevent splitting of the timber while being driven in. 

Pile Screw. — A screw used for the l)ottom8 of cast-iron foundation piles. 
The screw, usually of ono revolution only, and cast on a centre -tapered 
core or cylinder, is run into the soil by worm gearing from above, and 
becomes the attachment for the upper columns or piles. 

Pile Shoe. — An iron point with straps, fastened to the driven end of a pile 
to enable it to penetrate the ground 
Piling. — The placing of iron bars m pile See Pile, Fagoting. 

Pillar. — A column (q v ). 

Pillar Bolt. — Bolts ^aped like gland bolts (q v.) are sometimes termed 
pillar bolts. 

Pillar Drill. — A form of drilling machine, which is supported by a central 
pillar terminating in a suitable base 
Pillar File. — A flat, thin, and narrow safe-edged file 
Pillar Iron. — Rolled malleable iron bars used for building up phoenix 
columns The section of the iron is that of the quadrant of a circle 
with external flanges for bolting to the quadrants on each side, four 
such quadrants therefore forming a circle. The dimensions are given 
in internal diameters, and range irom 6 ms to llj ins 
Pillar Pump. — A lift or force pump attached to a base plate upon which 
a pillar stands, the latter fomung the support for a crank, fly-wheel, 
and handle by which the necessary movements are imparted to the rod 
of the bucket or piston. 

Pillow. — See Pillow Block 

Pillow Block, or Pillow. — A pedestal or plummer block (q v.), being the 
older name for the actual plummer block which receives the pillow 
bearing or “ brass ” 

Pimple Metal. — See Fme Metal. 

Pin, — (1) A small axis or spindle, as that which cairies a pulley, or on 
whic^ a lever oscillates. (2) A split piece of iron rod or wire which 
keeps a nut or collar in place, hence called a split pm 
Pm Bou. — The small boss of an engine crank which carries the crank 
pin (q V ). 

Pincers.-— Used for drawing nails from timber. Made of iron, and steel- 
faced in the jaws. Pmeers should be largo and nearly flat across the 
face, for affordmg greater leverage 

Pineer Tongs, — A pair of smith’s tongs open or globular, similar to car- 
penters’ pincers, but Yee’d also in the jaws to gnp thin rods or bolts, the 
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head of the rod or bolt b^g enclosed bf the globolar bodf of the 

jaws. 

fiaoh Bar* — shop term used to desipiate a crow-bar. The word indi- 
cates the method of moving trollies about the yard tramrails, by 
inserting the end of the bar between the wheel and the rail, and so 
pinchmg the carnage along. 

Pin Brill. — A drill which is prolonged below the cutting edges into a 
short solid central cylinder of relatively small diameter which fits into 
a hole previously drilled to correspond, and becomes a concentric guide 
to the cutting edges for the larger hole. Used in flat countersinking. 

Pine Wood, or Fir. — Is applied to timber obtained from tlie trees of the 
natural order Comfera^ which order mcludes such trees as the yew, 
cedar, larch, &o. rine wood is largely used m engmeering construc- 
tion. The term deals (q v ) refers to the sizes of the timber as imported. 
The Baltic red or Riga deals are yielded by the Scotch fir ( Ptnus sylvestriB)^ 
the white deal by the spruce fir (Abxea exceha) of Norway. The North 
American white deals are obtained from the Weymouth or white pine 
(Piniita at) ohm) The yellow pme is the wood of the Pmus vanabilta or 
Ptnm mitiHy or Ptnua luica, Tlie pitch pine is yielded by the Pmus nguia. 
The uses to which the pines are put by enrineers are for foundry 
patterns, for wliich the yellow and white are employed, and for the frame- 
work of heavy structures in wood, the red and pitch pines being mostly 
employed for these The sp gr of rod deal ranges from *48 to *70, and 
the weight of n cubic foot from 29 to 43 lbs , that of spruce l)eing about 
the same. Tlio North American yellow pine, sp. gr *46, and weight 
28 ; the pitch pme, sp gr. *73, and weight 46 lbs. Very wide variations, 
however, occur in woods of the same species but of different qualities 
and under different conditions of seasoning, so that these must be taken 
as rough average approximations only. 

Pillion. — A small toothed wheel, either bevel or spur. It denotes no 
particular size, but m a pair the smaller of the two is the pmion. 

Pinning. — The sociiniig of the cogs of mortice wheels m their place 
Tins 18 effected by dnvmg nails or short lengths of wuro into the ends 
of the shanks just within the nm, or sometimes through the nm itself. 
Wedging is often substituted for pmnmg. 

Pinny. — (1) When w’rought iron or gun metal contains numerous en- 
closed specks of metal harder than that in the general mass they are 
said to be pinny. (2) A term apphod to signify the condition of a 
file whose teeth have become chok^ up with mmute particles of soft 
abraded metal It is cleaned out with card wire. 

Pin Bammer. — A pegging rammer (q v ) 

Pipe. — (1) A cylindrical tube open at both ends and used for the con- 
veyance of water, steam, or other liquids or gases. There are numerous 
kinds of pipes — oast iron, copper, rain water, steam, weldless— 
described luidor their hea^gs. (2) A hollow spindle or quiU is 
often termed a pijie. 

Pipe Bend.— See Bend. 

Pipe Banding. — ^Whon bending copper and wrought iron and lead pipes 
it is neoessmry to guard against buckling or wnnkhng in the mternal 
ourve. This is prevented by pouring mto the section which is to be 
bent a quantity of melted rosin or fusible alloy which preserves its 
circular shape during the bending process, and is melted out agam 
afterwards. When wrought-iron pipes are being b^t hot, sand la 
often used instead of an alloy, which would melt with the hetkL 
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Ptfwt ftltTi — Ja need for tmtlring models of ornamental castings, the model- 
d which demands considerable time. Cla^ is mixed with water 
or with glyoerine, the latter causing it to retam its plasticity longer 
than the former. Moulds are taken direct from the clay model, or a 
metal pattern is moulded from the model and the actual mould is taken 
from that. 

Bipe Connections. — ^The various parts used in making the joints of pipes, 
as bends, tees, unions, elbows, crosses, nipples, thimbles, &o., described 
under their headings. 

Pipe Covering. — See Covering of Pipes. 

Pipe-entter. — tool used for cuttmg off wrought-iron piping. It consists 
of a hook or stirrup withm which the pipe is grasped, and a hardened 
sharp-edged steel revolving disc, whose centre is adjustable and which 
bei^ rotated around the pipe by means of a lover handle cuts it off. 

Pipe Flange. — ^When a series of pipes have to bo rigidly connected in 
hne, flanges are used in preference to sockets. Tliese are united with 
bolts and the sizes of flanges and number and sizes of bolts usually 
bear some approximately definite relation to the diameter of the pipe, 
Flanges are either rough or faced ; in the former case they aro lomted 
with lead or millboard, m the latter with red-lead alone, dependent on 
tlio purposes for which the pipes are to bo used. 

Pipe Joint. — Pipes are jointed in various ways, with flanges, sockets, 
and spigots, caulked or turned, the various hose couplings unions, &o. 

Pipe Moulding. — Whore cast-iron pipes are made in c^uantity it is the 
practice to mould them by special appliances, the pipe pattern being 
of iron, and usually mouldoa verticcdly. The cores are made on an 
expanding and collapsible bar (see Core Bar), so tliat the use of hay- 
bands is dispensed with. Pipes are cither cast on a slopmg bed, or 
else upright. 

Pipe HaiU. — Broad flat-headed nails of wrought or malleable iron used 
as chaplets (q v.) in light cored work. Being employed largely for 
pipes tney are thus denominated. 

Pipe Ovens.— See Pipe Stoves 

Pipe Prover. — See Ilydraulio Pipe Prover. 

Pipe Boll. — A roll hollowed or curved longitudinally, free to turn on a 
bearmg bracket, and used for the support of long lengths of steam and 
hot-water pipes, its function bemg to permit of the free endlong 
expansion and contractnjn of the senes of pipes due to heat. 

Pipe Sleekers — Moulders* tools curved in cross 8e<*tions and used for 
smoothing pipe moulds and hollow circular work geucrally 

Pipe Stand. — A bracket hollowed on its top face, its use bemg to afford 
support to pipes, and to keep them from the ground and prevent them 
from rusting. 

Pipe Stovee, or Pipe Ovena. — Stoves for hot blast, in whioh the air, 
while on its way to the blast furnace, is beai^ by being passed 
through a scries of cast-iron pipes arrangped horizontally or vertically 
in a emsed chamber. The air is heated sometimes by a fire, usually by 
the hot gases from the furnace. About one sqoare foot of heating 
surface is allowed ^ cubic foot of blast passmg through, thougS 
rather more when the waste gases are used. Pipe stoves are being 
supplanted by the regenerative stoves, the iron pipes in the former 
fr^uently sonermg fracture, oxidation and other evils. 

Pipe Tap. — A Gas Tap. See Gas Stocks and Dies. 

Pipe tistliig M a chi n e . — See Hydraulic Pipe Prover. 



#56 DICTIONARY OF TERMS USED IN 

Fipt-tlLrMkder. — xnaohine for cnttixig the threads, or screws in metal 
tubing. 

Wpe Tongs. — pair of tongs hollowed out and finely serrated in the jaws. 
Used for the clasping and screwing up of wrought-iron piping, the 
serrations maintaining a secure hold witnont risk or bruising the pipes. 
Those of small sizes are called gas plyers. 

Pips Wrench — A tool which fulfils the same purpose as pipe tongs, but 
which is provided with a single handle only, and embraces the work by 
means of a hinged lever which tightens with increase of pressure 

Piston. — A solid or hollow disc-hke plunger moving lineally m a closely- 
fitting bored receptacle termed its cylinder. Engines and pumps are 
fumiSjod with pistons against which steam, air, gas, or water pressure 
is brought bear l^istoiis are rendered close* fitting by cup k'athers 
(q.v.), junk rings (q v ), ItamslK>ttom rings (q v ), and rings 

(q.v ). Tlic revolving portions of a rotary engine or a blower are alw 
termed put ms 

Piston Air Pump — A maiino engine air pump fitted with suction and 
delivery valves at lK)tli ends, and having a fwdid bucket 

Piston Cover.— In small engine pisnuis it is common to form them of a 
single split-nng eucloHcd Udween t-op and bottom discs These discs 
are tc’nnod piston (‘overs 

Piston Paokix^ — The pjickiug by moans of which pistons arc rendered 
air, gas, sUmm or w aU r tight See Piston, Piston liing 

Piston King.— A mcbillic ring eitlier of cast iron, wrought iron or gun 
metal, tlic first being preferable, as posscwing more elastu’ity than the 
oth<*rs, and ustnl as tlu' penplieral iKirtioii of an engine piston The nng 
is thin and tunud slightly larger in diamcU'r than the bore of the 
ry liiuh'r, usually also thiekci on one si<lo than cm tlie other, then 
slotted across diagonally and forced into the ('jlinder lictween the 
piston covers. Its elasticity then thrusts it outwards and maintains a 
stoam-tight hunt wuth the lK>rc 

Piston Eod.— The rod attaclnnl to tjie piston of an engine or pump, by 
which its motion is truiiamitted to the (’onnec'ting rexi or cirank. The 
rod travels thniugh a packed stuffing box and gland, by which leakage 
of tlio consults of the cylinder is prevented 

Piston-rod Gland. — Tlie gland whion closes the stuffing box of the piston- 
rod of an engine or pumn cylinder. It is placed on the cover of the 
cylinder or barrel and renders tlio piston rod steam or water tight. 

Piston-rod Packing.— See Packing. 

Piston Speed —The speed of an enjarino piston measured in feet per 
minute* 'Dio 8pt»od ranges ordinarily from 2o0 feet in condensing and 
heavy engines to about 800 in locomotive engines. The piston sjietHi is 
one of the fai'b^rs m the estimation of the engine or borse-i>owcr 

Piston Spring. — (1) A sj>nng ring, or piston ring. (.') A spring placed 
within the ring to pn'ss it outw inls. 

Piston Valve — A slide valve whose transverse set'tion is cirt'ular, niov’ing 
closely in a cm ular seating, opcuung and closing steam ports arraiigea 
diagonally onjund the seating. The advantage of these valves is that 
they are balanced. 

Pit.— See Foundry Pit. 

Pitch. — (!) The distances betw<*cn the centres of wheel t4x*tb, or of l)olts, 
rivets, or Imiler stH\H, similai parts arranged C'ipiuhstuntly. Thus 
whwl twtb or nvets, . whi>»e cejitres an* 2 ui apart are of 2 in 
piiuh. (2) 'Fbe inclmaUon oi* rake of the teeth of caws, varying from 
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tlio«e whioh are upright or havo no pitch, as in cross out saws, to those 
which are set forward very much, as in some mill saws for soft woods. 
(3) The angle at which a plane iron is set in its stock, the angle being 
measured the back of the bedding on which the plane iron rests, to 
the sole of the plane It vanes sometimes for hard and soft woods, but 
most planes are used for both alike, and are made to an angle of 45°. 
Some of the planes for hard wood range to 66°. (4) The height or 

angle of a roof truss. 

Pitch Chain. — A cham composed of built-up flat links, between whose 
sides the projections of a sprocket wheel engage. The centres of the 
link pins are pitched out with exact uniformity and correspond with 
the centres of the sprockets, hence the term. 

Pitch Circle. — The circumference of the pitch line (q v.). 

Pitch Ccnc — The imaginary cone formed by the development of the pitch 
plane of a bevel wheel. 

Pitch Diameter. “The diameter of the pitch line of a wheel, that being 
the term in which the size of the wheel is graven, the diameter at root 
and point being deduced therefrom, and from the pitch. 

^ PitcM^ Out — The marking or dividing out of the equidistant centres of 
wheel teeth, or rivets, or other similarly pitched work, with dividers or 
oommsses. 

Pitch Line. — The line on which the centres or the pitches of wheel teeth 
occur Its TKisition relatively to the length of the tooth is i^ths from 
the point and i^ths from the bottom, the difference m which allows the 
necessary bottom clearance 

Pitch Planc.“The plane of a pitch lino from one end of tlie wheel tooth 
to thi» other In a bevel wheel it is the fnistrum of a cone. 

Pit Head Gear. — The frames, rope pulleys, boanngrs, and bracmg, erected 
over a pit’s mouth for raismg and lowering the cage. 

Pitman. A term sometames applied to a ennneftog rod 

Pitman Box. — The box end of a conne<jting rod or pitman (q v ). 

Pit Saw “A saw alKiut SIX feet in Icnjrth, having J-in to | -m tooth spaces, 
and furnished with two cross handles, one afiivo for the top sawyer and 
one below for the bottom sawyer. Used for cutting planks and boards 
in a san^it. 

Pitting.— Ihe corrosion of boiler and wrought-iron plates in patches, duo 
to the action of acids, or to their infenor quality, or to electro -chemical 
action, or to all combined. 

Pit Wheel.— A mortice wheel revolving on a horizontal axis, and which i* 
usually the first motion wheel m a mill, so called because it revolves in 
a pit Bj^ially prepared for its reception. 

Plan — The appearance which a structure would have (disregarding 
perspective) to an observer looking at it from above ‘ ‘ Sectional plan ” 
supposes the structure cut through in a horizontal plane and the 
observer placed as before 

Plan Angle. — The angle formed by the two edges of a double-edgea 
metal turning tool viewed from above. 

Plane — A cutting tool which owes its value to the guidance which the 
wooden or iron stock imparts to the cutting iron. The stock is usually 
of beech wood, and the iron is held in place with a wedge or screw. 
Iron planes are made for various special purposes, and in most of these 
the iron is tightened with a screw. There are perhaps a hunted 
varieties of j^unes in use. 

PUtte Iron, — ^Ilie cutting iron of a wood- working plane, sometimes single, 

a 
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Boznetimes double, the lower one then for cutting, the upper for imparting 
rigidity. The plane irons of adze blocks for machine work are always 
single and 12 in. or 15 in wide. Though denominated irons they are of 
course always faced with best steel. 

Planer. — The workman who gives his attendance to a planing machine 
(q.v.) for metal. He sets and fixes the work, regulates the feed, often 
^nds his own tools, and keeps the machme m order His wages are 
those of a machinist (q v.). 

Planer Bar. — A rigid bar of iron or steel carried horizontally in, and 
standing out from tlie front of the tool box of a planing machme Its 
use 18 in planing the interior of hollow works, the cutting tool being 
clamped in the end of the bar farthest from the tool box, the bar entermg 
into narrow spaces where the tool box could not find admittance. 

Planer Centres. — See Loose Centres. 

Plane Surface. — A surface whose points are all on the same level. To 
obtain such surfaces the chisel and file, the plane, and planmg and 
shaping machmes, and scrapers are used, and to test their accuracy, 
winding strips, straight edges, and surface plates are employed It is 
possible to obtain such accuracy that when two heavy metallic plates 
are placed in contact, the upper will sustain the lower, oven in vacuo. 

Planing. — The removal of material from plane surfaces by means of 
cuttmg tools, effected in the case of wood by hand tools, and in the case 
of wood in large quantities and of metal, m planmg machmes (q v.). 

Planing Machme — (1 ) For wood. A machme m which the cuttmg tools are 
either arranged to project from the face of a disc, or around a rect- 
angular ad/e block. In the former case thev are augur-like m form and 
rotate m a piano parallel with the face of the wood , in the latter they 
rotate in a plane at right angles with that face The forms and 
dimensions of planmg machines vary much, and there are some machmes 
in which the cutters do not revolve at all but are set in an iron block, 
and the wood is literally planed as if by hand, with this difference, that 
while in hand plamng the tool is traversed over the wood, in the type 
of machme here referred to the timber is passed over a fixed iron. 
Numerous modifications of planmg machines are made Panel-planing 
and thiokncssmg machines are used for surfacmg and planmg smaU 
pieces of stuff to uniform thickness, and are used m pattern making. 
(2) The machine for iron planmg consists of bed, travelling table, 
standards, cross shde, tool box, and geanng ; by which metal to be 
operated on is earned underneath a fix^ cutter, the cutter moving only 
after the termmation of a cut bv a distance equal to the amount of feed 
(q V.), usually automatic, whicn is imparted to it. The wheel-spoke 
planmg machine is constimeted for the purpose of planing the edges 
of the spokes of railway wheels. 

Planishing. — The smoothing and pohshing of metallic surfaces by ham- 
mering or by roUmg, mste^id of by abrasion or cutting. Shaf tmg is very 
oomraonlj^lanished instead of being turned. 

Planishing Hammer. — A machme-dnven hammer used for planishing 
plates of sliect metal, and capable of delivenng as many as three 
hundred blows a nunute. 

Plank. —A piece of timber more than nine mches in width. Planking is used 
as a general term to signify timber over about two inches in thickness, 
and of any width over nme inches, to distinguish it from board (q.v.). * 

Plank Way.— When work is cut from board or plank in such a way that 
the out edges stand approximately at nght angles with the face of the 
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timber it is said to bo out plank way of the grain, as opposed to end 
grain. 

Pluometer. — ^Tho older name for a surface plate (q.v.)* 

Plan Section, or Sectional Plan — A section (q.v.) taken in a horizontal 
plane in the drawing of an object. 

Plant — Plant comprises the machmos, tools, forges, furnaces, benches, 
cranes, &o. of a factory. Railway plant is the rolling- stock and per- 
manent way. 

Plaster of Paris. — ^Plaster of Paris is used for making the reverse im- 
pressions of some founders’ moulds, for makmg the whole or portions 
of some intricate and ornamental patterns and core -boxes, and as 
bomontague (q*v.) for pattern work. 

Plate. — A broad, thin sheet of metal. Plates being rolled, the fibre is 
developed in the longitudinal direction, in which direction therefore 
they are best able to resist tensile stress. There are limitmg sizes and 
weights for plates m iron and steel. The thicknesses of plates in these 
materials are given in inches and of an inch ; that of brass 

plates and of iron plates or sheets (q.v JHHynning is given m B.W.G. 
Rolled plates of malleable iron, above W &., or *238 of an inch 

in thiclmess, are called plates to distingHIh them from sheets (q.v.). 
See also Pish Plate, Horn Plates, Plate Moulding, &o. 

Plate-bending Haohine. — A machine used for bending boiler and other 
plates to various curves. It consists of three rolls having their bearings in 
housings, the top roll being capable of adjustment for distance from the 

^ others, by which adjustment provision is made for the different curves to 
imparted to the plates ; diminishing the centres increasing the curva- 
ture of the plates, mcreasing the centres diminishmg the curvature. 

Plate Box. — ^A foimdry flask used for plate raouldmg. 

plate Dowels. — Patternmakers’ metallic dowels, in the male and 
female portions are carried on thin rectangular plM^hich aie sunk 
flush mto the jointed surfaces of the patterns, and &elre screwed fast. 
They are the best dowels because they are less liable to be by 

rough usage than the peg and cup, or the wooden dowjiS^*^^en 
smtol they are sometimes made in brass, but the majoni^^Se made 
in malleable cast-iron. 

Plate-edge Planing Machine. — ^A special metal-plamng machine used for 
truing the edges of the wrought-iron and steel plates employed in 
boiler and girder work. It differs from ordinary machines in this, 
that the tool travels while the table remains fixed, and that the box 
which traverses the tool over the work moves along the side of the 
machine. The tool box is traversed by a double-'fceaded screw of 
coarse pitch, and quick return is given by pulleys of imequal size 
driven by open and crossed belts. 

Plate-flattening Machine. — A form of straightening machine (q.v.) for 
plates, which ^ntains a laa^|psr number of rolls than the ordinc^ form, 
seven rolls being employed, four above and three beneath, by passing 
between which, the are rendered perfectly flat and true. 

Plate Pumace. — A reverberatoiw furnace, used in boilermakers’ and 
platers’ sheds for the purpose of heating plates preparatory to flanging, 
bending, and welding. 

Plate Gauge. — A thin, flat metal gauge, used for measuring Bpa^«8 for 
which Ihe ordinary (wlindrioal gauges would be too weak, owing to 
the smallness of the dimensions me^ured. T^e tbioknesses of ^te 
gauges range from about ith to -^th of an inch. 
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Plate Girdere. — Girders of wrouglit iron built up of a oenteal plate ot 
web, riveted to top and bottom flanges by means of angle-irons riveted 
alike to the plate and to the flanges 

Plate Link Chain. — X chain formed of flat links united with pins passmg 
through holes near the ends of the links. Suspension chains, and chains 
for heaving up slips, are made of flat links. The lengths of the links 
vary with the pu]mose for which they are to be employed. 

Plate Metal. — See Refined Iron 

Plate Mill. or Plate Bolls.— A rolling mill similar in design to mill rolls 
(q V.), the place of the grooved cylinders in the latter being taken by 
plain cylinders. They consist of rouglung, and finishmg rolls, the 
former being grain rolls (q v ), the latter chilled rolls. 

Plate Moulding. — A process by which the labour of ramming up patterns 
m sand is lessened. The opposite halves of the pattern are laid upon 
metal plates in such a position that when two moulding boxes are 
rammed, each on the separate plates and then brought together, the 
opposite portions of correspond exactly. Frequently the 

plates are manipulated n^Emouldmg machme (q.v ), 

Platen. — (1) The table of SPianing machine for metal which traverses 
the work under the tool. So named after the platen of a prmting 
machine. (2) The table of a moulding machine (q v.b 
Plater. — A boilermaker who devotes himself exclusively to that branch 
of work which consists of marking out, cutting, and punching the iron 
or steel plates which are used m the construction of boilers, girders, 
bndges, and similar structures. » 

Plate Rolls.— See Plate Mill 

Plate-sheanng Machine — A shearing machine furnished with specially 
long knives or shears for the purpose of cutting off the ragged edges 
of plates aftii they leave the rolls The knives may average four or 
five feet in length 

Platform. — The planking attached to the sides of a crab (q v.) or a 
gantiT (q V ), upon which the man stands to work the handles of the 
levoim'^ ^ The platform of a steam crab is usually termed a foot plate 
and IS made in metal. 

Platform Crane. — A whip crane (q v ) which is independent of any 
support at the top of the post, hence termed mdependent whip crane 
It IS held firmly on a very bioad cast-iron base. The rope and chain 
baiTels are carried on a post of cast, or of wrought iron, stepped into the 
base. 

Platform Scale. — A small weighbridge (q v.). 

Plating. — The special work of the plater (q v ). 

Play, or Slackness. — Freedom of movement of bearing or working parts, 
but confined within certain definite limits. The purpose of gfivmg this 
freedom is to prevent jammmg of parts, by heating or by oscillation or 
other causes. See Fnd Play. 

Pliers, or Plyers — A pincor-like tool, having broad and flat roughened 
jaws, and employed by fitters, smiths, and metal workers generally 
for the gr^ing of wire or slight iron rods Wire phers are used for 
bending wire info loops and other shapes, nipping pliers are used for 
cutting, smiths’ pliers are employed for grasping work indiscriminately. 
Plomber Block. — A plummor bloek( q v.) 

Plomer Block. — A plummer block (q v.), 

Plommer Block. — A plummer block (q v.). 

Plotting. — ^The laying down of the hnes of diagrams which ar© made 
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with a view to the calculations of strains, &c., by the graphic method 
alone. 

flougb. — woodworker's plane used for grooving out the recesses for 
tongueing and for panels. It is guided to its work by a fence, and the 
depth of the cut is also controlled by a fence, adjustable with a screw. 
Plug.— (I) The plug of a cock is the inner movable portion, which on 
being turned allows free passage to the liquid. (2) An arbor or chuck 
used as an intermediary attachment for small lathe drill chucks. It fits 
into a tapered hole in the back of tlio actual chuck at the one end and 
into the tapered mandrel nose at the other. (3) A sand plug or clay 
plug is a term applied to the ball of sand or clay witli which the riser 
(q v ) of a mould is covered while the metal is being poured at the 
ingate. Its purpose is to check the too rapid rushing of the air out of 
the mould before the advancing metal, which would be hable to result 
la a washing away of some portions of the sand. The plug is either 
floated up by the rise of the metal, or more properly the moulder 
removes it when he sees that the mould i8,jvearly full 

Flag Centre Bit. — A centre bit having a cylindrical centre instead of a 
pomt Used for the enlargement of small holes already bored in wood. 

Plug Cock.— A cock in which the fluid passes through a central plug, 
which by being made to revolve in its circular plane presents cither its 
blank surface, or a passage through its body, to the flow of liquid. So 
named m contradistinction to valve cocks The taper of plugs should 
not be loss than one in six, or more than one in four 

Plug Gauge.— See Cyhndncal Gauge. 

Plug Bod — A plug tree (q v ) 

Plug Tap — A parallel screw tap used for takmg the finishing cuts on 
internal screws. 

Plug Tree — A long rod suspended from the beams of old-fashioned 
single -actmg pumpmg engines, and provided with tappets for moving 
the handles of the equilibrium and steam exhaust valves. 

Plumb — In a vertical position The position assumed by a weighted 
cord at rest 

Plumbago, or Graphite — A nearly pure form of carbon used for foundry 
blacking, and mixed with clay for crucibles. It is smooth and soapy 
to the touch, and is highly refractory. 

Plumbago Blackiug —See Plumbago. Blacking. 

Plumbago Crucibles. — Crucibles in which plumbago is the chief ingredient 
present. They contain only so much clay as is necessary to afford the 
requisite amount of plasticity, and are employed m pretercnce to those 
m^e entirely of clay, where great heat or excessive alternations of tem- 
perature exist. 

Plumb Bob — A pear-shaped or globular weight suspended from the end 
of a plumb-line (q.v.). For en^neer’s work its lower end terminates 
in a point for the pm^se of indicatmg the exact centre of the plumb- 
line. 

Plumber Block. — A plummer block (q v.). 

Plumb Line. — A Ime or string sustaining a plumb bob, and used either 
alone or in conjunction with a straight-edge to ascertain the exact 
vertical position of portions of structures. It is employed chiefly in the 
erectmg department. 

Plummer Block. — Variously spelt plomber, plomer, plommer, plumber. 
The ordinary form of pedesl^ for carrying the journal of a snaft. It 
oonsists of a base or body, sometimes termS a pillow, and a cap enclos- 
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ing a pair of brasses. The foot of the block is prolonged to reoeiyi 
h(3d-dowii bolts, and the bolting down of the cap secures the brasses in 
place. Lubrication is provided for at the top, through a hole drilled 
Li the cap and top brass. 

f lunger, -—The piston or ram of a force pump. Being solid it draws the 
water by producing a vacuum, and deUvers it by its forcing or displacing 
action. 

Plunger Air Pump, — ^An air pump Gtted with a solid plunger or piston. 

Plunger Bucket -—A force-pump piston having no valves. 

Plunger Pump —See Force Pump. 

Ply, — To bend. A fold, a twist, a single thickness of a material, as a 
ply of wire gauze, three ply, four ply cotton belting, meaning three 
and four tiiioknesses respectively. 

Plyer8,-~8ee Pliers 

Pneumatic Lift. — See Compressed Air Lift. 

Pneumatic Moulding Macmne. — A moulding machine in which the pres- 
sure on the sand is imparted by means of an air bag (q.v.), instead of by 
a rigid platen. 

Pneumatio Procesi.— The Bessemer process (q.v.). ^ . 

Pneumatioi. — ^Pneumatics treat of the properties of elastic fluids, as air, 
steam, gas. 

Pocket Print. — long or drop print used for coring holes in the sides of 
castings where a round print would not be available, by reason of the 
superimposed sand preventing it from lifting. The pocket print being 
therefore prolonged to the smfaco of the mould, the upper part of the 
print impression is filled up or stopped over with sand after the 
core has been dropped in. 

Pocketfl. — (1) Curved plates inserted into, and standing out from the 
sides of the flue of a Galloway boiler in positions intermediate with 
those occupied by the Galloway tubes. Their use is to throw the flame 
among the tubes, and so increase the economy and efficiency of the 
boiler. (2) Eecessed portions of a casting provided for the reception of 
timber or ^rder ends. 

Podger.-— See Tommy. 

Point) or Switch. — A movable rail by which the direction of an engine 
or wagon is changed from one set of rails to another. 

Point Bf^. — A movable rail or switch. Also called a point simply. 

Point — This word has several significations, which are treated under their 
several headings, as Boiling Point, Fusing Point, &o. 

Point Tool. — A diamond point (q.v.). 

Poker Filing. — See Draw Filmg. 

Pole Lathe. — The primitive form of lathe. So called because each down* 
ward movement of the treadle was made to impart a similar movement 
to the ^d of an elastic pole fixed horizontally overhead. A cord slung 
from the pole was turned round the work and rotated it towards the 
tool. ^ On the release of the treadle the work was rotated in the oppo- 
site direction. Hence half the time was lost in the return movement, 
and the tool had to be drawn away after each cut. The pole lathe is 
still in use in some Eastern countries. 

Pol^.—The stirring of molten copper with a pole of green wood, ugually 
birch, in order to bring it to tough pitch (q.v.). The effect of poling is 
to remove the oxygen which is present as a suboxide of copper, and 
which renders the metal brittle or ** dry.” The oxygen combmes with 
the gases liberated from the burning wood. If the poling is not carried 
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an to a sufficient extent the metal is brittle, and is said to be under- 
poled, if it is carried too far the effect is similar, but it is then said to 
be overpoled. 

poliiliiiig Headstook.— A polishing lathe (q.v ). 

Polishing Lathe, or Polishing Head.— A mandrel and puller driven at a 
high speed and canying small emeiy or buff wheels for polishing light 
work. It is mount^ on a small head or standard, which is bolted to a 
bench or other suitable support. 

Polishing Stick. — A couple of strips of wood used with emeiy for 
polishing work while revolving in the lathe. The ends farthest 
from the workman are united with hinges, those nearest him serve as 
handles, by wluch the strips are made to embrace the work tightly. 
The opposed faces of the sticks are hollowed out where they embrace 
the work, emery cloth or powder intervening. This is therefore an 
external lap. Lap. 

Polishing Wheel. — A buff wheel or buff (q v.) used for finishing bright 
work See Polishing Lathe 

Poll. — The larger or broad end of a hammer as distinguished from the 
pane (q v ) . 

Polygon. — A plane fig^uro bounded by many right lines. A regular poly- 
gon has its sides and angles equal. In an irregular polygon the reverse 
condition obtains. The number of sides m a polygon is mdicated by 
the prefixes penta, hexa, &c. 

Polygon of ForoOt^ — An expansion of the triangle of forces (q.v ), and 
w Inch may be thus stated —If any number of forces bo represented in 
magnitude and direction by the sides of a polygon taken in order they 
will be m ecxuilibrium. 

Polygons, Line of — One of the sectorial scales by means of which any 
regular polygon can be described according to uie number, four, five, 
SIX, seven, eight &o , on the line marked pol. To set out a polygon, 
open the leg.j of the sector until the divisions marked six correspond in 
distance apart with the radiiM of the circumscribing circle. Then the 
distance apart of four w^MpTesent the sides of a square, five of a 
pentagon, six of a hexagoi^^l^ so on Conversely, having the 
length of the sides of a polygOii'%iven, open the legs until the distance 
apart of the figures representing the side of the particular polygon 
required corresponds with the length of the side Then the distance 
between the figures six will be the radius of the circle to contain the 

^ required number of sides, 

IPopit. — ^A Poppet (q V ). 

Poplar. (Populua ) — A tree of the natural order Sahcaceoi The wood 
is soft, white, and light. Poplar wood is used chiefly for brake blocks 
(qv.). Sp gr. *39. A cubic foot weighs twenty-four pounds. 

Poppet, Poppit, or Popit. — The movable headstock of a lathe, upon the 
point of whose mandrel, work placed between centres is m^e to 
revolve. 

Poppet Cylinder — ^The mandrel of the poppet of a lathe. It is made 
cvlmdncal in order to allow the traversmg screw to move freely 
throu^ its interior. 

Poppet Head. — A poppet (q.v.) 

Poppit. — ^A poppet (q.v.). 

Ports. — ^The passages or steamways through which the steam gams 
admission to the interior of an engine cyUnder, and through which it 
also returns to the exhaust passage. 



u o^ed into extensive practice in engine work 

See Portable Engine, Portable Forge, &o. ^ 

”0T\AiulQ — A. CTBme conBbructed to travel about upon tram rails. 

\\.Tftay \)e 'worked, either by band or by steam. 

Portable Engine.— Portable engines are used chieBy for agriovltural 
purposes, but they are useful for outdocr and contractors’ work, and 
for work of a temporary character. They are built on the locomotive 
typo with mnltituhular boilers for bit^h pressures 
Portable Forge. — A small forgo supported on a light framing of wrought 
iron between which the bellows are situaM It is removable at 
jilcasure, and is tliereforo used for outdoor and repair work 
Portable Vice — An engineei’s vice supported on a central pillar, base, 
and whot'ls. 

Portable Winch. — A winch (q v ) placed upon wheels for convenience of 
removal about conti’actors’ yards, on ship board, or in other places 
where the work required to be done cannot be localised 
Perter — The bar of iron which the smith holds in his hand when mani- 
pulating a forging In fagoted work the porter is a single bar, 
longer than the rest and standing out from the mass In ordl|^|^ 
single bars the porter is the end which the smith happens to hold 
hand. 

Port Holes — ^Ports (q v ). 

Portland Cement. — ^tlsed sometimes for making the soeketed joints of 
hot-water pipes, an india-rubber ring l>eing first inserted 
Porty — A print (q.v.) of largo diameter is often termed by pipemakcrs a 
porty. 

Positive. — A positivo motion or a positive stroke signifies that which is 
precise and exact, in opposition to that which is not so preciso or exact, 
but only approximately so. Thus the stroke of an ordinary planing 
machine being accomplished hv the ai<^ of shifting bands is not precise , 
but that of sliaping maclui es, being effect d by a rigid though adjust- 
able connecting rod, is pos tivc Hence a poa tive stroke is one that is 
direct, a non -positive is one in which 'a oerta n amount of elasticity, or 
slip, or lost motion comes ii to play. 

Positive Stroke. — See Positive 


Positive Stresses. — In English practice are those which represent com- 
pression. 

Positive Terms. — Algebraical or arithmetical terms preceded by the -j- 
sign ; terms preceded by no sign are also understood to bo positive. 

Post. — An upright timber, as a kmg post, a pillar, or column, a crane 
post, &o. 

Pot — A crucible. 

Potash, Yellow Prussiate of. — The ferrocyanide of potash, symbol K4 
FeCe Ne, largely employed by simths for the purpose of case-hardening 
(q.v.), and in the process of making draughtsman's phototypes (q.v.). 

Potatoes. — Used to prevent incrustation of boilers. 

Potential Energy —See Energy. 

Pot Lid Valve — A hollow cup-shaped lift valve. 

Pot Metal. — Used for some cheap brass goods, variously oomposed of 
copper sixteen, lead six to eight parts, the latter amount giving an 
inferior quality, and bemg called wet metal, because the lead 
partially ooxob out in cooling. Tin, zinc, and antimony in quantities 

are sometimes added with the view of improving the alloy. 

Pet Sleeper. — oombinod railway sleeper and chair, the ehaiy being 
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lunally cast on the top of a broad dome-shaped base, which is the autuol 
deeper. The gauge is maintained by cross-tie rods, and the rails 
atta^ed in the usual way with keys. They are used in hot countries 
chiefly, where timber sleepers would be liable to decay, and to suffer 
from the destructive agencies of insects. 

Pot Volvo — A safety valve, shaped like an inverted pot. It is a lift 
valve, and the conical pivot of the lever drops loosely into a recess in 
the crown of the pot. The advant/igo claimed is that such valves being 
in a condition of unstable equilibrium are less liable to stick than the 
ordinary form. The lift of the valve is controlled and maintained by 
guides cast on the top of the seating. 

Pound. — The English pound is a tenth part of a gallon of distilled water 
at 02° F , and 30 in. barometric pressure 

Pound Degree. — A thermal unit which denotes the quantity of heat 
necessary to raise a pound of water through one degree of tempera- 
ture. It 18 a pound degree Centigrade, or a pound de^ee Fahrenheit, 
according to the thermometnc scale used. Unless stated to the contrary 
the latter is always understood. The latter is equivalent to the com- 
mon unit of heat, being 772 ft. jKuinds, the former is a bastard unit 
only derived from the other. 

Pouring — The emptying of the molten metal into a foundry mould. 

Pouring Gate — An ingate (q v ). 

Power, — (1) A term of general application signifying the actuating of 
motors by agencies other than those supplied by animal power Steam, 
water, air, gas, &c , are power agencies. (2) The expression of the 
number of times by which a number is multiplied into itself. 

Power Feed — The feed (q v.) of a lathe, planing, screwing, or other 
machme, which is effected automatically by the agency of the motii 0 
power which drives the machine itself. 

Power Gear — Gear, usually understood of the toothed form, which is 
worked by power (q v.). 

Power Lift. — A lift (q v ) worked froHllliy convenient source of power, as 
a gas or steam engine, ' ^ 

Power Hachine. — A machine actuated by a motor (q v ), as distinguished 
from a hand- worked machme. 

Power of Animals — The power of animals, as deduced by experiment, is 
of use in calculations connected with those machines which are worked 
by animals, as horse and mule gear, pumps, &c. 

Power of Men. — ^The power of men varies greatly with the manner in 
which it is exerted. For practical calculations certain values are 
«*^accepted. 

plnadimMion. — ^The admission of steam to an engine cylinder just previous 
to the termination of the stroke in the opposite direction. The amoimt 
of preadmission is governed by the lead (q v.) it should be sufficient in 
quantity to allow the steam to acquire ito full pressure immediately on 
me return stroke of the piston. 

Prereleaae — The opening of a steam cylinder to exhaust just before the 
termination of tne piston stroke, to prevent mjunous and wasteful 
back pressure (q v ). 

Press Drill. — ^Au old-fashioned form of drilling machine, in which the 
drill is pressed down to the work by a weight^ lever. 

Presser. — ^That portion of a moulding machine which imparts the neoes- 
saxy pressure to the moulding sand. 

Press Pit. — A fitting of contignons parts dightly tighter than a diding fit 
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(q.y.), to allow of the sliding* parts being pressed together with B 
hydraulic press. 

Presiing* — &5e Stamping. 

Pressure. — A compressing force which does not produce motion but 
imparts stress. Steam pressures are measured in lbs. per square inch, 
or inches of mercury. Water pressures are measured in lbs per square 
inch or in the equivalent ‘ ‘ head (q v ), and sometimes m atmospheres. 

Pressure Blower. — This is used to denote a blower (q.v ) of rotary type, 
08 opposed to a fan, the former producing a definite and constant 
amount of positive pressure, while the latter acts by displacement only. 

Pressure Forging. — The practice of stampmg forged w^orks by gentle 
hydraulic pressure, instead of by the impact of a steam hammer. See 
Hydraulic Forging Press. 

Pressure Gauge — The dial gauge attached to a boiler or other vessel by 
which the pressure of the steam or hquid within is indicated. A curved 
spring withm the body of the gauge actuates the pointer Steam 
gauges register up to about 200 lbs per inch, but water gauges are 
made for very much higher pressures, rangmg to several tons per 
square mch. 

Pressure, Lines of. — The vertical or approximately vertical lines enclosed 
by an indicator diagram, or a diagram of work. 

Pressure Bam — The larger of the two in a hydi'aulic forging press, and 
which Imparts the necessary downward force 

Prieker.— A vent wire (q v ) 

Prime.— A number which is only divisible by itself, or by umty. See 
Hunting Cog and prime numbers in Appendix. 

Prime Mover —Any piece of mechanism which absorbs and gives out 
again the matenal forces of nature, whether the expansive energy of 
steam or gas, or the pressure of water, air, or wmd, &c, 

Priming. — (1) In steam boilers, is the carrying of mechanically suspended 
particles of water along with the steam into the steam chambers and 
pipes. It is duo to various causes, as irregular withdrawal of the 
steam, tlio presence of oil and ^easo in the water, want of proper 
circulation, &c Sometimes called foaming (2) The priming ot a 
force pump is tlie expulsion of the air from tlio ’water space, m order 
that the water shall enter into the partial vacuum thus produced. 
Usually it is effected by tlie openmg of a pet cock placed m the highest 
portion into which air can enter, which is opened to permit of escape of 
air, hut closed by the finger to prevent its return. This is repeated 
until the water fills up and begins to bo ejected from the cock, (3) Tho 
fetching of a lift pump by pouring liquid into the bucket in order to 
produce sufficient vacuum to enable it to draw. 

Filming Valve — The valve which affords the means of escape for the 
water of condensation in engine cylinders. A pet cock (q v.}. 

Frinoipals.— See Kafters. 

Print. — ^A projection put upon a foundry pattern to indicate the ^sition 
of a ooreoL hole, and to fomi an impression to receive the end of tne core. 
Prints are commonly well tapered to withdraw easily, and those portions 
of the cores which are placed m the prmt impressions are filed to 
correspond. Prints are of various shapee, dependmg on the shape of 
their cores. At the sides of patterns, pocket prints (q v.) and parallel 
prints (q*v.) are used. 

Fiinting Frame, or Copying Frame — A frame in which phototype are 
oopiem It consists of a stout oblong frame of wood, about four inches 
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aeep and from two to four feet in length, according to the sizes of paper 
used. A thick sheet of plate glass is laid on fillets in the bottom of the 
frame, through which the light penetrates to the sensitised paper. A 
back board or boards cover fhe paper and a thickness of felt, and those 
are kept in place by means of springs attached to cross ribs hinged to 
one side of the frame and folded over and clamped down on the other. 
The whole frame is mounted on rollers to run on rails carrying it 
through a window outside into the light. 

Prising. — Barring round or turning round a wheel or wheels with a 
crowbar. 

Prism. — A solid whose ends are plane figures equal and parallel, and 
whose sides are plane parallelogframs. 

Problem. — A construction which is capable of being effected by the 
employment of prmciples of construction already admitted or proved. 

Prod. — The pyramidal or conical points cast on loam and core plates for 
the retention of the loam are termed prods. 

Producer. — See Gas Producer. 

Producer Oas, or Gaseous Puel. — A mixture of combustible gases con- 
sistmg chiefly of CO and hydrogen, and CO2, which is prepared by the 
combustion of fuel apart from furnaces to be heated. The gases, 
after passing from the gas producer furnace, are heated in regenerators 
and mingle and bum on their furnace hearth with atmospheric air 
similarly heated. Producer gas is prepared from inferior fuel, but 
chiefly from bitummous coal, and by its employment a saving of fuel 
is effected, a uniform and more regulable heat obtained, a dimmished 
loss from oxidation of the iron and steel reheated, furnace linings saved, 
and a great economy generally obtained over the older methods. 

Product — Tlie sum produced by the multiplying together of two or more 
factors. 

Products of Combustion. — Chiefly carbonic acid and carbonic oxide and 
water. The former are utilised in many ways, in blast furnaces, 
gas engmes, regenerative ffiriiaces, &o , described under their several 
heads. 

Profiling. — The grinding and sharpening of a cutter for working wood or 
metal, so that the outline of the cutting edge is that of the section 
which it 18 desired to impart to the material 

Progression. — The succession of one number after another by virtue of 
some definite law. Arithmetical progression is a series of numbers 
that increase or dimmish by a common difference, as seven, ten, 
thirteen, sixteen, &o In geometrical progr^sion each term of the 
^ries 18 equal to that which precedes it multiplied by some factor which 
is constant for all the terms. Thus two, six, eighteen, fifty-four are in 
geometrical series. 

Projection. — Signifies in a general sense the representation on a plane sur- 
face of objects as they appear to the eye of an observer, the various 
kmds of projection being differently named according to the position occu- 
pied by the observer ; perspective, stenographic, isometnc, gnomonic, 
and ortho^aphic are projections, but in the working drawings of the 
engineer the latter alone is used. In this the eye is supposed to be at 
an infinite distance, and the visual rays are aU parallel. Hence such 
drawings are suitable for direct measurement, and according as the 
objects are viewed the terms plan, elevation, section are employed. 

Prong Chuck. — A fork-hke cnuck, whose prongs revolve wood set 
between lathe centres. 
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Prong Key , — A kind of spaimer used for tightening up circular nuts bjr 
power ajmlied to their faces Two projections or prongs on the front 
face of the spanner fit two corresponding holes in the nut faces, the 
leverage being applied to a handle attach^ to the spanner. 

Proof Bar.— The loose bar which is thrust through a hole in the trough 
which contains steel undergoing the process of cementation, and which 
is removed from time to time to enable the attendant to judge of the 
progress of the operation 

Proof Load, or Test Load — A load imposed on a stnieture greater in 
amount than the working load, in order to teat its capability or margin 
of safety The dcfloetion of a structure, when under its test load, 
is carefully noted and its capability deduced therefrom. See Proof 
Strain. 

Proof Strain — Any strain to which a portion of material, or a structure, 
or a section of structure, is subj'ected, m order to test its suitability for 
the specific purpose for which it is designed to be used. A proof strain 
would in all cases be short of that which would have a crippling effect, 
assuming of course that the material were good, but also above that 
which it would ho expected to sustain m the ordinary conditions to 
which it would he subject 

Propeller, or Propeller Screw — The helical segments used for the pro- 
pulsion of steam vessels Propellers are two, three, or four bladcd, 
according as they form segments of two, three, or four different screws. 

Propeller Blade —A single segment of a propeller (q v.). 

Propeller Screw. — Sec Propeller. 

Proportion —See Ratio 

Proportional Compasses — A compass (q v.) for drawing purposes which 
is provided with two slotted and double-ended legs united by a sliding 
pivot and screw, by the regulation of whose position the distance apart 
of the extreme points may be adjusted within a very wide range By 
its employment distances and drawings may be enlarged or reduced 
proportionally, polygons of circles and square and cube roots of 
numbers can be obtained rapidly witliout calculation 

Proportioning — The proper proportioning of machine parts is the 
business of the engineer. But although a correct knowledge of the 
strength of materials and the nature and amount of strain and stress 
set up in structures is essential, there are few or no machmes designed 
on sfoctly mathematical data. The art of proportioning consists in 
combining theory with experience, and these with an intuitive sense of 
fitness and beauty, in one harmonious result So largely does experience 
enter into tlie labour of the engineer that there are few who are able, in 
spite of excellent theoretical knowledge, to enter successfully into the 
task of designing and proportioning works of a totally different class 
from those to which they have been accustomed. 

Protracting. — The laying down of angles with or without the assistance 
of a protractor 

Protractor — A drawing instrument used for laying down or for measuring 
angles. It is made m several forms, rectangular, semicircular, and 
circular, having the angles of, and divisions into degrees marked. T^ese 
being of small size are most useful in the drawing offices, or for the 
smaller work in the shops. For large work a large wooden or card- 
board instrument, or a line of chords (see Chords, Lme of) is to be used 
in nreforenoe, as being less liable to pi^uoe errors in stnkmg out. 

Proud, — A woid sometimes used by iron tamers to designate a cutting 
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tool laving a large amount of top rake (q.v ). Thus a tool for the turning 
of wrought iron would be too pi*oud to turn steel or gfun-metal. 

Froving Machine. — A testing machine (q.v. J. 

Prussian Blue. — The colour used to distmgpuish wrought iron on sectional 
drawings. 

Frussiate Bath — See Phototype, Yellow Bath. 

Puddle Ball.— A mass of puddled iron as it leaves the puddling furnace 
(q v) 

Puddled Bar, or Number One Iron. — The bar of malleable iron as it 
leaves the last of the grooves in the finishing senes of puddling rolls 
(q V ). It 18 not of merchantable value (see Merchant Iron), but is 
piled, reheated, rewelded,and rolled to make marketable qualities of iron. 

Puddled Steel. — A steely iron (q v ) produced m the puddling furnace by 
so regulating the process tnat a portion of the carbon is allowed to 
remam in combination. 

Puddlers* Candles. — The term given to jets of carbonic oxide gas which 
issue from the surface of the molten metal in the pig boihng (q v.) 
process. They o-we their origin to the union of the oxygen in the tap 
cinder with the carbon m the pig. 

Puddlers’ Mine. — A mixture 01 a variety of red heematite and water, 
employed for the purpose of fetthng puddling furnaces. It is smoothed 
over tne surface 01 the bull-dog (q v.) lining 

Puddling — The series of processes by which the carbon and other foreign 
substances present m pig iron are extracted therefrom previous to the 
rolling of bars and plates for the use of the smith or plater. See Dry 
Puddlmg, Wet Puddling 

Puddling Furnace. — A reverberatory furnace (q v ) in which cast iron is 
subjected to the action of the atmosphere to effect the removal of tl e 
carbon and brmgit into the condition of wrought iron 8 ome puddlirg 
furnaces are made double, two sets of men being employed, one set on 
each side at opposite working doors. An mcrease m output and economy 
of fuel are thus obtained. 

Puddling Bolls, or Forge Train —The first sets of rolls through which a 
shingled bloom is passed. The first or roughing rolls are grooved in 
Gothic or V'Skaped channels and in diamond shape, the grooves 
dimiuishmg m depth from left to nght along the rolls Those to the 
left are distmg^shed from the others as roughmg rolls because there 
the bloom is first embraced The surfaces of the grooves are roughened 
with chisel nickings to take firm hold of the blooms. To the right 
hand are the fini^mg rolls in which the grooves are rectangular in 
section to impart that section to the puddled bar. These grooves also 
dimmish in depth from left to right. 

Pug MiU.-Amlll used for the mixing of the materials of which concrete 
is composed. 

Pulley, or Bigger — The wheel which carries driving belts It is made 
cither m cast or wrought iron and turned rounding upon the face 

Pulley Block — A sheave pulley or senes of pulleys havmg a hollow rim 
action, and enclosed between metal side cheeks in which the pulley 
pins have their bearings, constitute a pulley block. A hook fastened 
to the upper end furmshes the means of attachment to any convenient 
pomt of support. Pulley blocks are smgle, double, or treble according 
as they have one, two, or three sheaves. 

Pulley Lathe. — A special kind of machine used for boring and facing 
pulleye. It consists of an inner ring furnished with bolts for setting the 
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pnllojrs of different diameters central, and having its periphery turned 
trulr to revolve in a bored outer ring made fa^ to foundations. A 
circle of teeth forms an integral portion of the periphery of the inner 
ring, which teeth are driven by a pinion, on wnose diaft are the 
driving pulleys by which the ring is driven round. The pulleys are 
bored and iacm, but are transferr^ to an ordinary lathe to be turned. 

Palling TTp —The tearing up of the sand of a found^ mould by the 
withdrawal of a badly inade or non- tapered pattern. Pulling up from 
the bottom means that the whole of the sand reaching upwards from 
the lowermost edge of the pattern is pulled up, to distinguish it from 
mere breaking of the sand along the edges 

Pomp.— A machine for lifting or forcing liquid either by means of a 
bucket, or of a piston working in a closed cylinder. See Force Pump, 
Suction Pump, 

Pomp Barrel. — The closed cylinder in which the bucket or the piston of 
a pump moves. Parrels are variously made of cast iron lined with gun- 
mctal, or gun-metal entirely, or glass, according to the liquids 'v&ch 
have to pass through them, or the price paid. 

Pomp Bit. — A bit for bonng the cylinders of wooden pumps. 

Pump Bob. — A l>ell crank, or rocking lever which converts rotary into 
reciprocal motion 

Pump Bucket —The piston of a lift pump It differs from an ordinary 
pisbjii m being provided with an open central space or waterway (q.v ), 
which is covered with a flap valve (q.v ), which valve opens rhen the 
bucket is falling and closes when it is lifting 

Pump Case, or Pump Top. — The top of a lift pump, or that part above the 
working barrel (q.v ), which contams the handle, spout, and cover. 

Pump Oup Leather — See Cup Lcatlier. 

Pump Clear. — The various parts and connections of a pump. 

Pump Head. — A sheet iron hood placed at the top oi a chain pump to 
prevent any of the discharge water being thrown off by centrifugal 
force. 

Pumping. — The term pumping is sometimes applied in the foundry to the 
aot of fcKxling (q v.) , in allusion to the up and down movement of the 
foedmg rod lu a vortical direction. 

Pumping Crank. — A crank or disc to which a pump rod is attached 

Pumping Engine. — An engine employed for pumping purposes Tor light 
work, ordinary enguies of horizontal or vertical types are employed, for 
heavy pumpmg, boom engines are commonly used 

Pump LMther — ^e Cup Lather. 

Pomp Bods — The piston rods of pumps are made of various materials, but 
chiefly copper and guu-metal, or Muntz metal, to prevent corrosion. 
Air-pump rods are commonly made of iron for strength, and sheathed 
with Muntz metal The rods of deep well pumps are made of iron, and 
cottared together in length, or are in some cases made of wood. See 
Pump Spear. 

Pnmp Spear.— A name given to the long wooden rods of deep well and 
mining pumps 

Pump Top.— S^ Pump Case 

Punra. — ^A shearing instrument made of steel and employed for Uie 
removal of a definite portion of metal, whose ^ape is the counterpart 
of the ^pe of the punch. Punches are used in many classes of work, 
and are actuated both by hand and by power. See also l&rad Punch 
and Centre Punch. 
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PanolMd Holes. — Rivet holes are oommonlf punched in plates for boiler, 
hrid^, and girder, and plated work geneiallv. Only in the best work 
are they drilled, j^e holes are either marked direct with compasses, or 
from a templet, and punched singly, the plates being moved by hand, 
or in some cases automatically. Iho proper spacing-out of punched 
holes is of the utmost importance, as preventing the mjurious employ- 
ment of the drift (q.v ). 

Fonched Plates. — Plates of wrought iron and mild steel are suitable for 
punching; hard steel is unsuitable. Plates which will not stand 
punching are too bnttle for boiler and girder work. Punching involves, 
under the most favourable circumstances, a loss of strengtn, duo not 
only to the diminution of sectional area, but to the dctruaive action 
straining the plates beyond their limit of elasticity Henco punched 
plates are sometimes annealerl, or more frequently rymered out, it being' 
considered that the stresses duo to punching aro only present in the 
immediate vicinity of the holes. The tensile strength of soft wrougbt- 
iron plates is diminished from 6 to 10 per cent, by punching, while 
that of steel plates is diminished from 20 to 28 per cent. 

Punohing. — The making of holes through plates under a punching ma- 
chine. It IS done m the boiler department usualfr by a plater (q v ), 

Punching Bear.— A portable punching machine. The punch is actuated 
by a screw, or in some cases by hydraulic pressure. 

Punching Machine. — A maclime m which the punch is actuated by 
power. Commonly the processes of pimching and shearing are com- 
bined in one double-end^ machine. 

Punching Strength. — The strength necessary to punch plates of iron and 
steel It has been found by experience that the rcaistanco of a wrought- 
iron plate to punchmg is nearly the same as its resistance to tensile 
strain. The resistance is measured by the area of the metal separated, 
and tlic resistance increases directly as the tlu(5kness and strength of 
plate and diameter of hole. Holes are punched in plate thinner than 
the diameter of the punch, but seldom m plates whoso thickness exceeds 
Uiat diameter. 

Punch Plieri.— Pliers in which the cutting edge takes the form of an 
annular ring. .They aro used for punchmg the holes in leather belting. 

Pupil. — Youthh il from fourteen to sixteen years of age are articled as 
pupils to finns of engineers for periods ranging from two to five years, 
during which time they pass through the various departments in turn, 
and obtain some practical experience in each, at tne same time that 
they pursue theoretical studies at home. The premium payment 
averages about £50 a year. 

Puppet. — A poppet (q v ) 

Puppet Valve. — A lift valve (q v ) 

Purchase. — A term used m workshops, and equivalent in its meaning to 
leverage, more or less purchase meaning more or less leverage. 

Pure Oil — A simplo oil which is not admixed with any other oil, as is 
the case w ith compound oils (q.v. ). 

Pure Rubber.— Applied to vulcanised india-rubber which is homogeneous 
throughout, to distinguish it from insertion rubber (q v.). 

Purlixu — The members which umte the trusses of roofs m longitudinal 
directions. 

Purple. — The colour used to denote steel in engmeers* drawings. 

Putuiiig Poppet —A i>oppet whose mandrel is moved in the forward 
direction ^y bj the throat of the eorew, bat is sUd back hand. 
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in paitem-xnaHng for filling up the holes formed by tbs 
hoM of nails and the oountmunk recesses for screw-heads. Called 
Stopping, or Bomontague. 

Fyrflmid Oil Can. — The small conical-shaped oil can for bench use. 

pyrometer.— See Pyrometer Gauge. 

Promoter Gauge — A dial ^uge used for recording the heat of steam, 
as well as its pressure; it is therefore a combination gauge (qv.). 
Another typo oi dial pyrometer gauge, depending for its value on the 
expansion of metal rf>d8 or tubes, is used for testing the heat of blast 
and other furnaces and ovens. 


Q 

Quadrant — (1) The segment of wonn wheel teeth on the upper portion of 
the t<iol l)Ox of a shaping machine, which is made to curve tlirough an 
are of a emde for hollow circular shaping (2) A quarter circle bounded 
by two ra(bi at right angh‘8 to eacli other and by a corresponding por- 
tion of tb(' c!iroiuufcrcn( c 

Quadrant Compasses.- Wing Companses (q v ) 

Quadrant Plate, or Wheel Plate — The plate whu h carries the stud 
wheels m the ehaiigt 'snIuhI mni's for Heri\\ ( uitnig m the latHs It is 
hinged on the end of tbo leading serc'W, and is providtd with t\\ o p.irallel 
slits for carrying the stud or studs for the inU'rmidiate vhe ds Being 
thus hinged, the studs AMth their wlu'els can l)e brought into almost a»y 
desired position in relation to the whtvls on the mandrel and on the 
guide screw 

Quadruple Expansion Engine — A compound engine in whuh steam is 
expanded four tunes , fust in a high-pressure eylmder, and afterwards 
in three low-proshuio (flinders in succession A goodly number of en- 
gines' have now l)een eonstruett*d on this principle, but necessarily it 
means high initial pressures, or fn>m 150 lbs to 180 lbs 

Quarter Bend. — A pipe bend whieb makes an are of 90'\ and is used there- 
fore for connooting pqios at right angle.s witli ea(h olh r 

Quartering.- (1) The adjustment of eranks t)r erank pin htdes at right 
angles with each other. (2) Deals cut into strips ot four to the deal 
Also called seantJmg (q.v ) 

Quartering Belt - Half (rossed lioltiiig (tj v ) 

Quartering Xaohine — A Iniring miu hine fi>r aeeurately boring out the 
orank pm holes m locomotive heels, after tlie wheels have l)een fixed on 
their axles. 

Quarter Kip Baw.— A hand saw (q v ) 

Queen Poet. — A roof member w hich fulfils a similar function to that of 
the king post (q v ), its position only l>oing different Queen posts 
oooupy positions placed betw’ocn the king pists and tlie ends of the roof 

truss. 

Quenched. — "ViTien steel is heated for hardening or tempering, and then 
dipped into water or oil, it is said to be quenebed 

Queuing —The act of dipping steel rapidlv into 'water, oil, or other 
hardening mixture, to imiiart the neoessarv* haninessor temper thereto. 

Quick — Having a curve of lesser radius relatively to another curve. 

Quick Feed — See Slow Feed 

Quick Gear.— When a crano is lifting direct lustcad of through uiierm- 
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diate gearing it is said to l)e in quick gemng. A back geared lathe is 
in quick gear when the back ^ar is not in. Speed pulleys are in quiok 
gear when they are driving from the larger to the smaller instead of 
under reverse conditions. 

Quick Gouge — A gouge which has the greatest amount of curvature made, 
though proportionate to the width of the gouge. See Hat GougOi 
Middle Fiat Grouge. 

Quiok Eetum.— (1) The mechanism by which the cutting tool of a machine, 
or the work wluch is traversed under tbo tool is ran at a qmcker speed 
durmg the non-cuttmg than during the cuttmg stroke. Quick return 
18 applied to planing, shapincr, and slotting maSjinea, and many others, 
and IS usually effected by trains of gearing, or by link motion, that is a * 
connecting rod sliding in a pivoted link, luovmg across a revolving disc, 
or by an arraiigemont of Icners (2) A latho in which the slide rest is 
traversed back with a rack and piuiou is sJiid to bo provided with quiok 
return. See Quick Traverse 

Quiok Sweep. — A sweep whoso amount of curvature is great relatively to 
some other curve or curves with whicli it is compared. 

Quick Traverse. — The hand ti averse given to the slide rest of a lafho hv 
moans of a rack and pinion. After the rest has travelled down the boa, 
through tlie medium of the leading screWf the clasp nuts are disengaged, 
and the qiuck traverse or quick return is put into gear for carrying the 
saddle back. 

Quiescent Load —A dead load (q v ). 

Quill — The term generally applied to a hollow shaft or spindle. 

Quintal —A French measure of weight containing one hundred kilo- 
grammes (q V ) or one hundred thousand grammes {q.v.}, equivalent to 
220*4621 English poimds, or 1 9684 hundredweight* 


E 

Bahbet. — A rebate (q v ). 

Babble. — A tool used by puddlera for rabbling (q.v.) the pasty metal. It 
IS a long bar of iron turned up at the end at right angles. 

Babbling. — The working or stirring about of the iron in a puddlmg fur- 
nace, removing slag from its surface, and drawmg tbo metal into masses 
or balls rcaily for the hammtr 

Bace — (1) A circular rmg upon which travel the rollers supporting a 
Tc\ olving superstructure. The roller race of a revolving crane fumiSies 
an illustration. (2) The channel by which water is conducted to a water 
whfH.1 

Baeing. — Engines are Mud to race when their rates of speed are very 
unequal, due to variations in the resistance which they nave to over- 
come, or to the absence of governors, or the unsuitabibty of the gover- 
nors provided. Racmg is a source of danger because of the uncertam 
stram put thereby upon moving parts. 

Back. — A straight length of toothed gearing, being a successive scries of 
teeth pitched m a straight Ime instead of around a curve, as in the 
case of wheels The teeth of racks are formed on the same principles 
as those of wheels. The term is often apphel to a wheel segment or 
circular rack. 

Baak and Pinion. — An arrangement of gear for converting rotary into 
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linear and reciprocal motion, which ia largely employed in mechanism, 
a pinion wheel whose centre is fixed actuatmg a movable rack (q.v.). 

Back Compass. — A pair of shop quadrant compasses, in which the lower 
edge of the quadrant is cut into minute teeth, forming a circular rack. 

Back Feed. — heed motion imjiartcd by a rack and pimon. The feed of 
some drilling machines is thus imparted, and also the longitudmal 
traverse of self- at ting lathes, both screw - cutting and non -screw- 
cutting. Tlio travelling tables of some frame saws are actuated by 
rack fecKls 

Backing.— (1) Tlio running of the block carnage of a crane or traveller 
inwards or outwards to suit the requirements of the work in hand 
The ratjking is performed by suitable gearing, and an cndl(*8s chain 
passing over sheave wheels (2) The running of a slide rest along with 
the rack and pinion motion. 

Backing Gear. — The gear which actuates the bhxjk carriage (q v.) of a 
crane (see Hacking) ITio nature of the gear will depend upon the class 
of crane, and whether hand or steam 

Back Bail.— A toothed rack laid hctw(‘en the ordinary pi'nnancnt way 
rails on the ste ep gradients in mountainous districts, into which toothed 
gear in rack rail locomotive engines engages, m order to move upwards 
by tractive forc(* 

Bad. — The radius of a circle. 

Badial. — Moving in a right mo and along tlio shortest distance from 
oiuitre to cireumferimco 

Badial Ann.— (1) The movnhlc eantdever which snjiports the drilling 
saddle m a ladial dulling nun hine (q \ ) (2) nie ann which is centred 

on and pivots round the end ol tlio leading screw of a serew-cutfing 
lathe, and wha li eaim s the tram of gearing coimectmg the screw W'lth^ 
the whc( 1 on the mandrel of the headstock. { 

Badial Axle —Sec llogu* 

Badial Axle Box —See Bogie. 

Badial Drilling Machine. — A heavy dullmg machmo, winch is con- 
structed that the position of tlie tlnll can be accommodated to '•ho work 
without moving the latter. The whole drilling apparutr** snmdle, 
feed, &c — 18 eairied on a saddle, which slides on a rath '■' hinged 
to a post, mitre wheels actuating the spmdlc, p communication 
being mamtained with the spindle m any part through a 

telescopic shaft. Radial drills are made both at. ^ ® strong 
base or biblo and also for fasteumg to a wall 

Badial Paddle Wheel — A paddle wheel m which the are 

fastened dmxjtly to the anus by means of hook bolts, th^-^^es 
radiating from the centre of the wheel Henco the floats are always' 
vertical, and consequently only develop their gprtatest ixiwer when m 
their lowest position. They enter and leave the water at an angle with 
the level of the water, with a consequent waste of energy. Wheels 
having foathoniig floats (q v.) are not subject to this disadvantage. 

Bxdiation. — The eimssion of heat rays from hot bodies. A body which 
emits rod rays only, is rod hot, one which emits rays of all colours is 
white hot. ^Tlicso radiations are vusiblo, but there are others to which 
our eyes are not sensitive, and bodies are supposed to givo ofl radiations 
at aU temperatures. 

Badiut. — A radius of a circle is the straight line which extends from the 
centre to the oircumferenoe along the shortest possible diatatirtA. 

Badiui Finder.^A centre square (q.v.). 
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JUdiof Bod, or Bridle Bod. — (1) A rod in the arrangement known as 
parallel motion (q v which is fixed on a pivot at one end and jomted 
to the hack Imk at tiie other, and w hich vibrates with the motion of the 
beam. (2) Sometimes applied to the rod which passes from the die 
block of a slot Imk to the slide, or cut-off valve. 

Bafters. — The diagonal roof nbs which extend from the king post to the 
tie beam m a roof truss These are often called principals, or principal 
rafters, to distinguisli them from common rafters (q v.). 

Bail Bender. — See liad Straightener. 

Bail Clamp. — See Rail Drill. 

Bail Clips. —Clips of wrought iron attached to the front and back of a 
balance crane, and used for fixing the crane during the lifting of heavy 
loads They are niatlo to embrace the rad way metals by bolts passing 
through both hahes "Without rad clips, a crane would be liable to 
overturn with a full load. 

Bail Drill, or Bail Clamp. — A portable oomhiiiation tool used for drilling 
holes in rads without removmg them from their places It consists of 
a sliort stout clamp arching over the rad and providetl with a sot or 
tiAtening screw on the one side, placed m opposition to a ratchet 
upon tlie other. 

Bail Fagot, or Bail Pile — Tlie fagot or pile from which the blooms for 
iron rads are rolled It is composed in different ways, aec'ording to the 
B]K‘ ification, quality, and price It is usually about 8J in wide and 
\) in high The heads, if for a double-headed rail, are fomod of 
shdis of hard hammered iron, and the middle Hjiac'e is lilh'd m with puddle 
haiN, which may lie eithci of the entire width or made to break joint 
Steel rads are now made in pieterenco to iron, and these arc rolled liutu 
a h()inog(‘iieous ingot ' 

Bail Gauge - An ir<ai bar having a projection or set-off near eil«|^ ^piatd 0 
right angles with the bur, the distance of whose outiT faces 
that of the gauge of the rails, which are laid down by direct measure- 
ment tlierefrom 

Bail Guardi. — The curv ed rods or bars wlach extend from the front of a 
locomotive downwards nearly to tlie rads, to throw off afaf' Obstructions 
from tlie line 

Bail Ingot.- The ingot from which Bessemer steel rails are rolled, and 
w*hi( h takes the place of the rail fagot for iron rails These ingots are 
cast in moulds or cast iron, bqierod to permit of ready stripping of tho 
moidd from the ingot^ and are about 1 1 j in square. 

Bail Mill — A mill iii whudi rads ore rolled, the rolls bemg grooved out 
into thq required sections. 

Bail File, — See Rad Fagot 

Bail Punch. — A form of punching-bcar, usually worked by hydraulic 
pressure, used for punching the holes in tho webs of rails, to take the 
fish bolts 

Bails. — The bars which form the tracks for the wheels of rolling stock on 
tramways and permanent way. They are made in various sections, 
both single and double headed, and in iron and in Bessemer steel They 
refct either directly on the sloej^rs, or in chairs spiked down to tho 
sleepers. See details under special beads 

Bail Saw. — saw used in rad roUmg mills for cutting off the crop ends 
of zaila after they leave the rolls. 

Bail Straightanar, or Bail Bmidar. — ^A powerful screw press used for 
straightening or bending rails and bars. Soma of these machines aza 
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ivturked by a hand lever, or a wheel, actuating the screw, some bt 
hydraulic pressure. The rail is sustained on two points at some dis- 
tance apart, and the pressure is applied between these points. See also 
Squeezing Maching. 

Hail Tests. — The principal test used for rails is the falling weight test 
(q.v.), and the usual test is a monkey of a ton weight allowed to fall 
irom a height ranging from 15 to 20 ft upon a rail restmg on sup- 
ports 3 ft. G in apart. Thus with a double-headed steel rail weigh- 
ing 70 lbs to the yard, two blows from a monkey of a ton weight 
falling from a height of 1 8 ft should not produce a deflection greater 
than 3 in in amount Under the dead weight test (q v ), which 
is also applied to rails, a dead weight of 28 tons should not pro- 
duce a deflection of more than J of an inch on a rail similarly sup- 


ported. 

Hailway Axle. — Axles are made of wrought iron or mild steel. The 
largest part of the axle is just behind the wheel boss. ITie diameter is 
gradnaliy reduced to the centre midway between the wheels, and again 
at the journals, whose lengths are al>out twice their diameters Tlio 
diameter of the journal is usually about 3;^ in Sharp comers at the 
j'unctions of the shouldered portions are avoided by turning a small 
radius 

Bailway Brake — Brakes are of various kinds— air, fiiction, steam, &c. — 
noted under th(>ir proper headings 
Hallway Chair ^ Si'c (^lair 
Hailway Gauge.— See Rail Gauge 

Hallway Wheel. — Railway wheids have their bodies either of wrought 
iron or wood 7'he difterent parts of a \\heel are the boss or the central 
TXirtion, and the Ixidy, intenm diate between tlie boss, and the tiro. The 
Ik)88 is UHUiilly made of east iron cast aiound the free ends of the bent 
bars W’liK h fonii the arms, or of wrought iron weldtHl and jm^ssod into 
fonn Tires are fastenwl on with ruets, liolts, or retaining rings. In 
wood('n wheels the laxly is solid, built up in pieces whose shape is the 
scehjr of a circle, the grain running radially, the timber being bonded 
tog( ther with retaining nngs (q v ) and the Ixiss Wood has the advan- 
tage of elasticity , it affords eontinuous support to tlie tire, and dws 
not b(’at tho.*qr or raise dust like wheels w ith spokes Wlu^ehi «ro 
atiaelu'd their^ wuUiout ke}s, Ixmig pullea on with hydnrtiH# 

pressure, or bv shrN^^^",^ , , , . . 

Hailed Work — Work ' '''’hich has been hanmiertsl into outline See 

Raising \ , 

Hailing.” (1) Tlio pnxiu^^^’^ curved outlines in sheet metal by the 
applu’atioii of blows froX«^ hammer (2) When a tap or di ‘ is in bad 
onlor, tliat is, not baehedV*^ properly, or not having a kein-cutting 
front, the screw thread is compresstd or squeezed out of shape, 

and 18 then said to bo raised Wuig cut 

Hailing Hammer.— A round-fac^ hammer used for raising (q v ) metal 
work. \ 

Hake.— (1) A tenu usually appliedV^ signify the angles of metal turning 
tools, as side rake, front rake, &'e\ (-) The amount of forward abgle, 
or pitch of saw teeUi (3) A broV expansion turned down at 
right angles wdth Uio end of a longV^’ thrustmg about 

the fuel to front or back on a funiacel^*™; ... , 

Sakins B*r.— A long rod of wrought ir^ "»ed for rakmg out the enpol* 
fire ^ter casting. \ 
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Out — ^The removal of tlie residuary ooko, slag, and metal from 
the bottom of a cupola furnace after the running down of the oharg^. 
This 18 done after every blowing, and is necessary, otherwise the semi- 
fused mass would form a hard agglomeration when cold, the forcible 
removal of which would damage the furnace. 

Bam. — (1) A term sometimes apphod to the monkey fq v ) of a pile driver. 
(2) Tbe arm of a shaping or slotting machine which carries the tool 
backwards and forwards, is termed a ram. (3) A lydriulio ram 
(<]| V ). (4) The plunger of a hvdraulio lift(qv). (6) A hydraulic 

piston V ). (6) The plunger of a hydrauho press (q T*). 

Bam Leather — A cup leather (q v ) 

Bammer. — A tool iust‘<l by moulders for the purpose of ramming the sand 
around patf-ems It consists of a head of cast iron attached to a handle 
of wrought iron, or sometimes of wood In a hand rammer, or a bench 
rummer, the -working end is made rounding, m the flat rammer it is 
disc shaped hrequontly tho ranmier is reversod in use, and the pointed 
end ot the handle empIoy('<l for ramming the sand into narrow spaces. 
Bamming Blocks. — Iteversed moulds (q v ) used m some kinds of mould- 
ing work 

Bampi, or Guide Plates. — (1) Appliances for plating rolling stock upon 
tile rails They clip the rails, and arc provided with flat lielical exten- 
sions agamst which tho wagon wheels slide up to tho rail They are 
made in sets of four, two riglit and two h'ft (2) Iflanks laid on 
suitiiblo supjxirts and forming an intdinod plane, up and down which 
barrow s of material are wheeled are somctmios tenned ramps. 
Kamsbottom Bing — See Spring Ring. 

Barn’s Horn — A syminetneally shaped double crano hook Used chiefly 
for light weights, being inferior in strength to tho single hook. 
Bape-seed Oil — Sec Seed Oil. 

Kapping — liapjiiTig is tho process of loosening a patteni in the foundry 
sand jucMous to its withdrawal, and is effc'ctcd by iii.sertmg the pointed 
end of an iron bar in a hole bored in the pattt'ni, or into a rapping 
plate, and striking it heav ily sidew'ays with a liammer. During tho 
actual process of withdrawal, rapping mallets fq v ) are employed. The 
pnxiiss of rajiping, though iioeessaiy, is often damaging to tho pattern, 
and if carel(‘».>-ly performcsl aftects the size of tho mould, enlargmg it to 
an exte*nt whicn is very appreciable in small castings 
Bapping Bar — A loosening bar (q.v ). 

Bapping Hole — A hole made m a foundry pattern for the insertion of the 
l<.K>8cning bar used m rajqnng. When a single moulding, or when two 
or three mouldings only from a pattern are required, tho lapping hole is 
usually bored in tho w^ood of the pattern, but when a largo iiurnbor are 
wanted, rapping plates (q v ) are useil to prevent damage to the pattern. 
In large patb-rns sevtral rapping holes aie providc*d 
Bapping Mallets, f>r Moulders’ Mallets. -- Small round-facod w’-ooden 
imillots uschI for l<K)t^< niiig the sand from foundry patterns during the 
process of their w ithdrawal from the moulds The faces and edges of 
tho patterns are lightly tapped with tho mallets as tho pattern is 
gradually hfted I'hey are made of wood, as inflicting less injury to 
tlie pattern than iron hammers. 

Bappi^ Plates — Plates of malleable iron let into and screwed on the 
faces of foimdry patterns, and provided -with holes for tho insertion of 
^ rapping bar. The holes for rapping and lifting are usually inserted 
in the same plate, and they are then termed rapping and lifting platM. 
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BliSp.— Basps are used by oorfe makers and loam moulders for fho purpose 
of reducing loam work to accuracy, in regard to both shape and 
dimensions. 

lEUtsp Cut.— The abrasive surface formed on a file by the punching up of 
isolated projections, as distmguished from the ridges formed by the 
action of chisels. 

‘Bastrick Boiler. —A vertical cylindrical boiler of large diameter, and 
having horizontal tubes. It is an antiquated form. 

Batchet. — A ratchet wheel (q v ). 

Batohet Bar.— A straight bar serrated with teeth hke those of a ratchet 
wheel, to receive the thrust of a paul. Tlio function of tho ratchet bar 
is to permit of movement m tho one direction while preventing it in tho 
direction opposite It is attached to foot or othiT le\ ers.^ 

Batchet Brace —A tool used by metal workers for the drilling of holes by 
liund It eoriHists essentially of a lever which moves the drill round 
and feeds it forward at tho same time by means of a ratchet and click 
actuating a sijuare- threaded feed serew 

Batchet Drill. — A dull used in conjunction with a ratchet brace (q v ). 
It is furnished witli a square tapered shank. 

Batchet Feed. — A paul feed (q v ). 

Batchet Jack. — A screw jack (q v.) rotated by means of a ratchet and 
click. 

Batchet Paul. — A paul or click which engages with the teeth of a ratchet 
or a spur wheel, as distinguished from tho pauls uscsi in the sliding 
shafts of cranes, and on turntables See Spring Puiil. 

Batchet Teeth.— The teeth of ratchet 'wheels are differently formed 
according U) the function which they ha\o to fulfil When the ratchet 
paul has to woik in opposite directions at jdeasure, as wlien moMng a 
food screw b) riglit or left alternately, tlio teeth are like those of 
ordinary spur wheels But 'w hen tho motion is always in one direction, 
as happens in tho (ase of cranes, tho teeth slope m tho one du*eetion 
only. Tlioir outline then is roughly, though not quite, that of a i ight- 
anglod triangle, the base resting on tho periphery of the wheel, and 
tho Bide being nearly, though not quite, nidiul with the centre, being 
slightly undercut, and tho hypothenuso being tlio sloping face over 
which tho p'lul slides. This is not, however, straight, but slightly 
curved outw'ards 

Batchet Wheel — A "w heel pro'dded with teeth into wliieh a paul (q v ) 
fits Tho paul either moves and turns the nitchet wheel 'witli an inter- 
mittent motion which renders it capable of feeding a machine cutter, or 
the wheel moves, its motion being independent of that of the paul. 
Owing to the shape of the teeth it turns always freely in the one 
direction, hut when it is attempted to reverse the motion of tlie wheel 
tho paul prevents it from recoding. In the first case the shape of tho 
teeth is usually symmetrical, being common wheel teeth , m the latter 
they approximate roughlyto that of a right-angled triangle, or to that of 
•aw teeth for ripping. The first form is used in most machine feeds, 
tho second in the hoisting gear of cranes for preventing the load from 
running down. 

Bate.— See Screw Rate. 

Batlo, or Proportion. — ^A particular relation subsisting between numbers ot 
quantities, as shown by the division of one by the other. Thus 
12 : 3 : ; 8 : 2 expressing tho ratios which exist between those numbers, 

12 containing 3 roar times, and 8 containing 2 four timee. In proper* 
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lioiial numbers the product of the first and last terms is equal to that 
of tJie second and third terms. Hence the rule to find a fourth pro- 
portional : multiply the second and third terms together and divide by 
the first. 

Ratio of Expansion. — The proportion subsisting between the final and 
the initial volumes of steam m a oylmder. 

Rat Tail Eils — A file circular in section and tapering or bellied in the 
direction of its length. 

Rattle Barrel — A rumble (q v ). 

Rattling Box —A rumble (q v ). 

Raw Hide Belting.— BelUncr which has not been subjected to the proocsg 
of hiiiTiiiig, exeo])fing on the surface 

Raw Iron. — Iron which has not been refined. See Rofinmg 

Raw Mine — A tenn applied to iron stone (q.v] 

Reaction — 'When a body is at rest it presses downwards with a definit# 
weight Tlie support beneath .t reacts with a pressim' which is equal 
and opposite li(‘nce the fundamental law, action and reaction are 
equal and opposite 

Reaction Wh'isl —An enclosed wheel into which water enters under head 
o. pressure, and escapes from, tangentially, tlio force biung derived 
from the reaction of the weight tiirown off at the periphery. See 
Turbine. 

Reamer, Rymer, Rimer, or Rhymer.— A fluted tool used for finishing and 
truing cored or drilled lioles Koamors are solid when used in a socket 
01 Nvith a wrei^li, sbell 01 hollow when bored out to fit on a mandrel. 
SeeBioneh, Fluted iii'ninor, Hose Reamer, Ac 

Rebate, or Rabbet. — A shoulder or recess on the edge of a piece of wood or 
metal for the reception of tho edge of another similar piece 

Rebate Joint — A joint which is made by the overlapping of the edges of 
material, half the thickness of tho material being cut away to a litUe 
distiiice inwanlsfrinn tiie matching edges. 

Rebate Plane. — ^A piano used for the working of rebates. The cutting 
iron IS as wide as tho wood stock, and hence pianos right up to the 
edge Skew-mouUi jdanes havo the cutting iron at an angle with tho 
side of the stock, and work swc'cter than the square-mouthed ones. 
Rebating is also performed by machines furnished with revolving 
eutteis, or by a thick circular saw 

Rebating.— The grooving or shouldering back of timber from the edge to 

S poduce a lap joint. 

onng. — 'Vi^hen engine cylinders have become grooved and of varying 
diameters through long use and wear, it is customary to boro them again 
and insert a larger piston Tho process is termed rebormg. Small 
cylinders are tl moved from their hods or foundations for the purpose, 
but lar^e cylinders are rebored whilo in place 
Recarbuniatioii. — ^The adding of a definite amount of carbon to iron 
which has been first completely deoarburised. Steel of various grades 
is thus made in the Bessemer convertor (q v ) and in the cementatioii 
(q V ) process 

Receiver. — (1) When large quantities of iron of fifteen or twenty tons 
weight and upwards havo to be poured, exceeding the capacity of the 
foundry^ ladles, tho metal is allowed to accumulate in a receiver, which is 
a sheet-iron vessel lined with fire bricks and clay, and from which the 
iron is conducted into the mould. Such vessels may be fixed or 
pofTtable. ( 2 ) Qenerally any vessel used for the storage of liquids Of 
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gases, as ior instance air in an air compressor. See also Intermediate 
Eeceiver. 

I^Oant'^ngt—ln ai\.\m.t the very plainest turned work it is necessary that 
it should be set a second or a third time in the lathe chuck or chucks, 
in order to turn some portions which could not be reached by the tool 
in the Brst chucking' This is termed recbucking or second chnckmg. 
Beoiproeol. — One quantity is the reciprocal of another when it is there- 
suit of unity divided by the other. Thus 2 and i = 2 and *5 are recipro- 
cals. Hence the product of a quantity by its reciprocal is always unity 
as 2 X 6 = 10 

Eeciprocatingr. — Used in ojiposition to rotary The vast majority of 
eiif^^incs and pumjis are re< iproejiting, tli.it is the piston and rt»ds move 
forward nnd bat kwaid alternately in rif^dit lines 
Bociprocating Engines — See Itcciproeuting 
Eeciprocating Pump — See Keci])roeating 

Eeciprooatmg Weight — IThinilly understood to si^’uify the moving 
weights of an engine piston, juston rod. and half that of the eonneot- 
ing rod Tlio power which tliey ahsorh is equal to their weight multi- 

S liod by the height from which the weight must have fallen to pro- 
uco their \oloeitv 

Eectangle — A purallologram (q v.) who-^o sides are at right angles to one 
another 

Eed Brass. — An alloy variously composed, as Copper, 24 Ihs , zinc, 
dibs ; bismuth, 1 o/. CopptT, 24 lbs , zinc, 6 lbs ; lead, 8 oz 
Opper, 32 lbs , zinc, 10 lbs , lead, 11b Coppii, 100 Ihs , zinc, 
601hs ; lead, l()l)>s, antimony, 44 oz 
Eed Brick Dust — Used for parting sand (q v ). 

Eed Copper Ore — A very pure oxide of co])j)er found in Comw'all, Cuba, 
and other jiarts 

Eed Deal, or Eed Pine, (riuus syhrAfns,) — Tlio produce of the Scottish 
fir, grown in Norway and Sweden ana Russia Tlie deals take their 
names from the ports wheneo tlioy aro shipped, as Riga, Memel, 
Dantzio. Riga deals arc superior to the last-named. 

Eeddle. — A simp ti'nn for rod lead, mixed wuth oil and used when filing 
and scraping surfaces to fit 

Eed Hsomatite. — An ore of iron quarried largtlv in Cuml>orland, 
Glamorganshire, and Ireland It is a non-hydrutisl peroxide of a rod 
colour, hence its name, and furnislies exeellont quality of iron 
Eed Heat. — ^Thero are several grades of red heat, distinguishes! hy the 
prefixes, black, briglit, or low red, noticeti under their headings , 
the distinguishing of those sluidi's of colour being of importance in the 
hardening, tempeimg, and welding of iron. 

Eed Lead, or Minium.— Symbol sl’h O -f- I’b O 2 . Tlio ns! oxide of 
load. It is used when iuixchI with boiled oil only, or with iKuled oil 
and writh white lead, in making steam joints Also mixoil in a tliin 
semi-fluid paste, for cheeking tlio accuracy of contact of surfaces which 
arc being fittisl the one to tlie other, the colour being tran'^feiTod from 
the surface which is finished to the liighest portions of the surface 
whiedi is undergoing the process of fitting 
Bed Shortness, or Hot Shortness. — That condition of wrought iron or 
steel in which they are incapable of being rolled or work^ at a red 
heat. The presence of sulphur produces rid shortnees. 

Eednoing Agent. — The agent through whose influence a chemical 00m- 
pound is resolved ipto ;ts simple elements. The redqction of mentis 
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from their ores is due to the ftsrenoy of heat acung m comhmafion with 
some solid substance or substances. Thus carbon, or more properly 
carbonic oxide, CO, is the reducing agent in the smelting of iron ores. 
Bedneing Furnace.— Any furnace m which metals are separated from 
their ores and reduced to the metallic state. Hence blast, and some 
reverberatory furnaces are roducinfi^ furnaces. 

Bedneing Pipe. — pipe having* different dimensions, or sometimes also 
different shapes at its opposite ends It is used to connect jiipcs of un- 
equal sizes or of different shapes together 
Bedneing Valve, — A valve constructed for the regulatitm of steam 
pressure between a boiler and its connections. A weighted lover 
regulates the opening of the valve 

Bednction. — The extraction of metals fniin their ores by deprivuig them 
of their oxygen m a reducing fumaoe (q v ) 

Bednction of Area — Malleable iron and steel, 'when subjected to tensile 
stress, elongates up to the breaking strain, with a eonsecpient reduction 
of area. The amount of elongation i»ci reduction of area which it 
undergoes is a recognisc'd test of its quality. The amount of reduction 
of area should not be less than 25 per cent in a good specimen, and 
the amount of elongation 1.5 per cent 
Bednplication. — Reduplication refers to the gam in power obtained by 
the combination of pulleys in pulley blocks (q v ) In a system of 
pulleys a force equal to the pull of the stung comes into play at every 
depaiture of the string from a pulley 
Red Ziso Ore. — An ore of zinc of small commercial value It occurs as 
an oxide, the red colour being due to contamination with the oxides of 
iron and manganese It is found in New Jersey and the United States. 
Reeking.— The coating over of the faces of ingot moulds for the casting 
of crucible steel, with a layer of carbon, to prevent the adhesion of the 
ingot to the mould 
Reel Hose — Sec Hose Reel. 

Re-evaporation — Re -evaporation is a term used to express the influcnco 
of an unjackeb'd engine cylinder of long stre^ke, and w'orked to a high 
grade of expansion, ujxm the steam. The cylinder being subject to 
the extremes of b'injxTatuie of the entenng and exhausting steam, 
the latter is subject to initial condensation (q v ) on its first entrauo.e. 
The heat thus lost is hc^W'cvcr reimparted to it as it acquires by expan- 
sion a temjierature below that of the cylinder, while tow urds the end of 
its W'ork It acquires from the cylinder, liotb r tlmii itself, a vaporous 
con(btion, or is re-evaporated By tlio use of the steam jacket tlieso 
% ariations are prevent or minimiHed 
Refined Iron.— Fmc metal or plate in^tal It is white iron, which has 
passed through the refinery and been deprived of much of its carbon and 
sihcon preparatory to dry puddling It is rendered brittle by quick 
cooling with w^atfT, and is broken up into small fragments before beuig 
]>assed to the puddling furnace. 

Refined Tin. — See Boiling 

Refinery — The structure m which the process of refining is effected. It 
consists of an outer vertical framework surmounted by a low stack, and 
containi^ hearth, twyers, dam plate, tap hole, and casting pit. The 
hearth is about 4 ft. square by 15 to 18 m. in depth, bound^ at back 
and sides by cast-iron water blocks. The twyers are inchned down 
towards the hearth at an angle of from 30° to 35°, and are five or six in 
naxaber, to distnbnte the oxidising infiuence of the air equably ovof 
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tlio area. The hearth is lined with sandstone, and coke is the fiul 
used, laid in alternate layers with the pig and scrap, which mt^anoiiiit 
to two tons per charge in the larger refineries, and the time of its puri- 
fication throe or four hours The molten metal and slag are then 
tipped out into the casting pit, or pig mould (q t ), and broken up when 
eoolod. It IS then ready for puddling. Refinmg is also carried on to a 
limited extent in the manufacture of coke and charcoal plates for tmned 
goods, but its commercial importance is being diminished by the sub- 
stitution of steel sheets in their place 

Befining. — The pro<*cfi8 of partial decarburisation and purification of grey 
pig iron from silica, with its accompanying conversion into white 
iron The refining process is adopted as a preliminary to dry piiddhng, 
the reason for its adoption being that white iron, when passing from 
the solid to the molten state, passes through a jiasty condition which is 
favourable to its oxidation in the puddling furnace, a condition which 
is not the case with the grey iron, which liecomes liquid without under- 
going any transitional state Refining is not practised in the open 
hitfirih or wet puddling processes About twenty-four hiindiXKlweights 
of grey iron arc riKpiired to produce a ton of reiinod iron 

Eefluz Valve, or Check Valve. — A flap valve used for the purpose of 
taking off the pressure of a head of water acting in a backward direc- 
tion against a set of pumps 

Befractory, — A suhstauce is s.ud to lie refnetory in the degree in whuh 
it 18 able to resist the action of heat Lime, silica, clay are refractory 
Huhstanei's, and lu'iu e are usisl in vanoiLS combinations with other suh- 
stances for linings of furnaces, crucibles, &c. Substaneofi refractory in 
tlioTns('l\('H cease to be so uh< n combined in ciTtam proportions ith 
bas(’S, an<l diu^ regard must also l>o had to tlio nature of the metal 
or alloy wha h is t-o bo hnnight into eontar t with the lining or crucible. 

BeMgerating Fluids.— See Hardening Mixture s 

Befrigerator.- (1) A ejliiidiieahes,sel containing a iiumlicrof copper tubes 
and used for heating the feed ^ater for a marine boiler above the tem- 
perature winch it dt‘riv(‘s from the hot well 'ih* waste brine from 
the boil(T 1^ einpio) ed to heat the fiHKl ^vate^ (2) A machine for lower- 
ing the tompeiaturo of air for cooling purposes, the air being made to 
expand 

Begenerativo Furnace.— A funiace in which waste gases, gaseous fuel, 
and products of combustion are utilise<l by being taken through layers 
of lirn kwoik or other regimerators, there rendering up their heat, 
wliich heat is taken up again by a similar current mingled xvith air 
turned at a eeitain interval in the reverse dire<q ion, which taking up 
the heat m the rcgv'ucniiurs ]iassos into the combustion chamber of the 
furnace. Set' also Gas IVxhicer, Pipe Stoves. 

Begenerative Stoves — Stni Pq>e Stoves 

Begenerator. — Tho chetjuer work of a regenerative furnace. It is of 
glazetl firebrick See App 

Begulator.—Any oontrivanoe by which motion is equalised. Hence 
^ivemors, fly wheels, throttle valves, are regulators More particularly 
Bio term is understood of tho regulator valve (q v.) of a locomotive, and 
the damper of a steam Ixiiler. 

Begolator Valve — Tho val\o which regulates the admission of steam to 
^0 cylinders of a locomotive. It is either of the double beat, or 
conical, or eliding types. 

Begulut, or Xatt.~xtefer8 to diBeront atagea in the reduction and 
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purification of certain metalfl ; but in a general sense signifies a motal 
which IS yet in an impure condition, that is one which has not reached 
the final stage of its reduction. The term is applied to a limited 
number only, as copper, antimony. 

Regulus of Copper.— See Matt. 

Beheating. — The heating a second time of puddled bar for the making of 
fagoted iron. It is performed in a reverberatory furnace. 

Reheating rumace.— ^e reverberatory furnace used for heating the 
fagots or piles of puddled bar preparatory to passing them under the 
finishi^ rolls. 

Reins. — ^The handles of smiths* tongs 

Relative Strength — It is convenient to know not only the absolute 
strengths ol the materials of constnietion, but also their relative 
stren^hs when subject to uniform conditions of strain and stress 

Relative Volume — Specific volume (q v ) 

Release. — Release signifies th(' opening of the steam port of an engine to 
allow of the escape of tho exhaust steam fmm tlio cylinder. 

Relief Valve —See Cylinder Escape Valve. 

Relieving — Racking oft (q v ) 

Relighting — Tho ignition of the inner lighting tap of a gas engine hy 
moans of the outer or master jet (q v ) 

Remelting. — Tho tensile strength of cast iron is supposed to bo increased 
by repeated remelting Tins is not borne out in foundry practice 
Repeated remelting tends to make tho iron winter, with a corresponding 
loss of tensile strength Iron when remelted tak'\s up impurities from 
tho fuel Remelting is only uscfid when suitable brands of pig are 
mixed ‘wuth seloctfd scrap, but tho improved quality is not duo to the 
remelting but to judicious mixing. 

Repairs — The proper execution of repairs to bn )ken -down or otherwise 
diimaged ni<tp»rs or ma{ hines calls for the highest skill of the working 
ciigiiiocr More pirticulail^ is this tho case at sea, and in largo fac- 
bmes vlierc a temporary st-oppago only, moans an enonnous loss in tho 
aergregate llio best workmen are or should bo (^trusted with tho 
cxi cution of repairs See also Auxiliary, Bieak I)r)W’n 

Rerailing.— Placing rolling stock upon the rails This is done with screw 
jacks and timber blocking, or with ramps (q v ). 

Residual Gases.— Applied to tho products of combustion left in the 
cylinder of a gas engine after tho explosion of tho charge. Carbonic 
ai id 18 the pniioipal residuo. 

Resilience — ^^Iho amount of work involved in the resistance of a body to 
an impulsive load (q v ) The total resi lienee of any material is the 
amount of w'ork done in breaking it, and is eijual to the product of its 
resistance into tlie distance through wliich the resistance acts. Tho 
elastic resilience of any material i» tho work done m straining it up to 
its clastic limit, and is equal to the product of the deformation by the 
mean load producing it. 

Resin, or Rosin — Common resin is the product of several species of pine, 
from which it exudes in a semi-fluid state, and is collected in vessels. 
It is used as a flux for soldering tinned work, and mixed with tallow 
and other ingr^ents as a dressing for belts. See Belt Dressing. 

Reaistanea. — Resistance is the result of friction, and is a state or (edition 
of things tending to arrest and destroy the state of motion. The study 
of the laws which govern the resistance of bodies under different condi- 
tions is based on direct experiments, from which coefficients of friction 
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are deduced. A certain amount of work is necessarily absorbed ia 
overcoming resistance, and this amount has to be estimated and pro* 
vided for m calculations relating to all machines and motors. What- 
ever diminishes resistance becomes a clear mechamcal gam. Hence the 
importance of givmg to bearings their proper proportions of surface 
area, of suitable lubrication of bearing parts, the proper grmdmg of the 
edges of cutting tools, &c. 

Besolution of Forces — The process of substituting or discovering the 
components (q v ) of a force from a knowledge of its resultant (q v ). 
This 18 done either by calculations or by a graphic delineation 

Best — The support which takes the resistance of the tool m turning ope- 
rations in tbo lathe Tliero are many kinds of rests, from the simple 
rests for liand-tuming to the vanous shde rests See Floor Rest, Hand 
Rest, Shde Rest, Too Rest 

Besultant. — Tlie sum of two or more separate forces 'w Inch act upon a 
body in different directions (not equal and opposite), causing it to move, 
or producing a tendency to move in a definite direction In other words, 
it may bo defined as a single force which replaces two or more other 
forces, and which is ofiual to their sum 

Betaining Bings — Rings of wTought iron employed for uniting the tyres 
to those railway wheels which have wooden bodies. They are annular 
rings, each having an internal flange on its periphery, which fits 
into corresponding grcKivcs, one on eiw^h side of tlie ring The rings 
lioingboltcri together through tlie wooden body, clasp the tyres securely 
in the grooves 

Betaining Valve — In pumps where the w^aterhas to bt- lifted from a great 
depth It IS customary to insert m addition to the ordinary ^alve8 an 
additional one in tli<‘ series of pipes in order to proMait much of the 
water from running ba< k between the strokes Hence the name retain- 
ing valve apphcxl to it 

Betum Block —A snatch block (q v ) 

Betum Flues. -The flues of Comish, Lancashire, and W^agon boilers, 
btung brought from tlu' back of the furnace U) the front, thence bemg 
carruHl bai k again to the chimney, arc so termed. 

Betum Tubular Boiler.— A boiler of marine tjqie in which the smoke 
tulies pass from the back of the boiler forw'ards to the smoke box or 
uptake The jirodiu'ts of combustion travel therefore first to the back 
through the file 1 k)x and then to the front through the tula's. 

Beturn Valve. -A vahe which allow’S of the return of fluid. An over- 
flow valve. 

Beverberatory Arch — Tlie arched roof of a reverberatory furnace 

Beverberatory Furnace — A furnace emploj ed in various metallurgical 
o|>eration8, in wdin h the ore or metal is exposed to the action of flame, 
but 18 not in contact wuth the fuel. Tlie fuel is burnt in a separate 
ehamlKT, ilnidcd from the hearth by a bridge, o^er which the flame 
passe.s Tlu' principle of the funiaco is the deflec'tion or concentration 
of the heiitcHl gasis down on the metal Re^ erberatory furnaces are 
used for puddling, and for heating iron plates, angle irons, joists, 
preparatoiy to liending; for melting inm, and for melting brass m 
quantity for special purposes when great purity is essential. The 
reverberatory lumooe is an air furnace, no ai^cial blast bemg 
employed. 

Beverie Conei. — Cones whoso bases are turned away from each other. 
Applied to the coned liearings of lathe headstocks. See Ckme Bearing. 
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Sevemd Xonlds, or Bamming Blocks. —Plaster or metal moulds usird 
in some classes of repetition mouldmg work. The actual casting moulds 
are made from these blocks direct, instead of from a pattern, and the 
advantage of their employment is that a very large number of moulds 
can be made precisely alike without the labour of forming the parting 
surfaces and runners and risers at every moulding 
Beverte Jaw Chuck. — A dog chuck 'whose jaws can be readily reversed, 
end for end, for convenience of clamping work on the ex tenor ot 
intenor diameters It is usually effected by running the jaw right off 
the screw and turning it round. 

Beverse Jaws — The jaws of a lathe chuck which are placed within the 
woik wdiich they clamp, for tuniing extenor surfaces 
BcTerse Keys.— Keys (q v ) made and used not with the object of holding 
machine parts together, but for the puqiose of driving them asunder. 
They are employed in preference to the hammer, to avoid the possibility 
of bruising the work. They consist of two sted plates, one having a 
projecting slip on one edge, tho other a recess of the same length. 
Inseited through a cottar way with the projection facing towards tho 
larger or outer end of tlie strap piece, and a wedge being driven 
between, tho projection thrusts the butt piece of the strap end outwards. 
They are useful with tapered piston rod ends 
Beversible Jaws — Tho laws of a reverse jaw chuck (q v ), 

Bcveriing — (1) The making of a founder’s mould from a clav or duster or 
other model, for -which the face alone is available See Ilovorsod 
Mf»ulda (2) Tho changing of the motion of an engine or machine, or 
machine part, into a direction directly opposite. 

Beversing Countershaft. — A countershaft (q v ) whoso direolion of rotation 
can be re\ ersc<l for tho purpose of driving its machine 111 either direc- 
tion. A fust pulley, keyed on the shaft, is flanked by two loose pulleys, 
one canyung an open and tho other a crossed belt By shifting one or 
the other of the belts to the fast pulley the direction of its motion, 
together w ith that of tho shaft, is immediately reversed. 

Beversing Cylinder. — See SU'um Reversmg Cylinder 
Beversing Engine. — An engine whose motion can be changed into 
opposite direttions Tlic reversal is usually effected by means of slot 
Imlcs, lifting links, weigh shaft, and suitable levers, actuating an 
eccentric, havung double sheaves for forward and backward gear, from 
whenfo eitlier port is oponcMl to stf'am. A single occentnc is sometimes 
used instead, and reversed. See also Iie\erHing Kolling Mill 
Engine 

Beversing Gear. — The gear which accomplishes tho reversal of an engine 
or other motor, or machine In an engine it includes tho Uuks, weigh 
shaft, levers In beltmg, tho forks, cords, lev ers, as tho case may be. In 
mechanism generally, levers, pulleys, and rods of vanous kinds. 
Beversing Handle. — The handle of a reversing lever (q v ). 

Beversing Lever — ITie lev er by which tho reversing gear of an engine, 
or other motor or machine is actuated 
Beversing Link — Tlie slot link (q.v ) of an engine, which, through the 
medium of the eccentrics, alters the valve for forw'ard or backward 
motion. 

Beversing Milh— A rolling mill in which the rolls are reversed after 
each pass of the rail, bar, or plate. Reversing mills are those with 
two high rolls (q v.), and where no provision is made for reversal the 
ban or rails have to 1^ brought back over the top of Uie roll s and a pass 
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ig ihere\)y lost. Three high rolls (a .v.) obviate the necessiiy of revOTsal 
without the loss of a'pass 

Bevereing Motion. — Reversing motions are of various kinds. The re- 
versing motion of a lathe is designed to enable the slide rest to tiuverse 
either up or down the bed. It is effected m back-geared self-acting 
lathes by an idle wheel being made to engage in turn with wheels 
which dnve the back sliaft in different directions, carrying the saddle 
up or down accordingly , in screw -cutting lathes, by introducing an 
extra wheel into the screw-cutting tram by which, the motion being 
reversed, left-handed screws can be cut A reve rsing motion which is 
employed with bevel gearing is effected through the medium cither of 
a friction or of a claw clukh Tlio clutch slides upon a feather sunk 
into a shaft upon which two be\ el wheels tiini freely and gear into a 
crown wliecl common to tlumi botli. The clutch can be slid in either 
direction to engage with either bevel wheel, when clutch and whcHjl aro 
practically fast on the shaft and revolve with it. It is easy to see that 
the ehangiiig of tlio clutcli fiom one bevel wheel to the other effects a 
reversal in the direction of rotation of the crown wheel. See also 
Reversing Kiigiiu', RovcTsing Mill, &.c 

Reveriing Plate — A plate or disc) of metal employed for reversing the 
direction of tiavel ot a single-cylinder engine, m the absence of a slot 
link (a V ). It 18 esficntially a j>late key cal upon the crank shaft, and 
funiishod eiilier with a slot oi with holes by winch the eccentric proper 
is moved up or down for forward or backward motion as rcciuircd, or 
for greut-er or less expansive working of the valve 

Reversing Bolling Mill Engine — A tj pe of engine specially constructcHl 
for the rt'vtis.iT of tlie lolls of rolling nulls It may l>e either simple 
orcompemnd It is a gcuud engine, the engine i unning faster than thc^ 
rolls in the ])ro]u»rtioii of alKUit thic'O bioiie, ac'cording to circumstances 
These ongiiu's are conirnonlv in pairs eonnectc'd withcianks at nglit 
angles, and the rc\eisal is etiVeted tlirough the inedium of a slot link, 
lifted or dejiressod for forward or backward gear by means of a small 
steam cylinder, or by liandonly. These engines aie made massive, are 
well fitted, and iiotw'itlistandiiig the rapidity of re\eisal, run qiuetly 

BeverBing Bolls.— The rcjlls of a rolling mill w hose motion is reversible to 
allow of passes (cj v ) K^tli forward apd backward. 

Beversing Shaft,— A weigh shaft (cj v ) 

Beveriing Stud. — The stud oi simullo which carries the idle wdieel for 
reversing tlie motion of hack-geariHl self-acting lallic's See Reversing 
Motion 

Beveriing Valve.— Tlie valve w’hnh directs the air and gas into one or 
the oilier of the regen enitivo chambers of a furnace, as tliey become 
alternately cvkiIchI and hcxitc’d 

Bevolution ~ It is u<ual to give the speeds of engmos, pumps, and other 
inotoTS and nun bines, m tlie mimlK'r of re volutions tliey make jier 
minute' Tins is altoruativo with piston spc'od, or stroke, wnco one is 
readily calculable from the othex 

Be volvers.— Rotary pish ms (<i v ). 

Revolving Furnace, or Rotary Furnace —A tjqve of furnace designed to 
effect the convi rsum of cast into malleable iron by a process of mocha- 
luoal puddhiig, in vvliK'h tlio furnace rotaU's, hnngmg all portions of 
the molten iron succoswv ely into contact w itli the fettling. Tlie prin- 
cipal furnaces are tlio Danks, Spencer, Siemens, Crampton, and Pemot. 
Tney have but a hnutod use in England. In the Bust-named the 
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heartib, or actual fumaoe, rovolTOS in a vertical plane ; in the Peruot, 
and some others, the plane is either horizontal or slightly inclmed to 
the horizontal. The intenor is lined v’ith fettling, whicli is kept in 
place with nbs running longitudinally through the hearth. Rotary 
lumacos are used for tiio pri^uetion of malleable iron direct irora the 
ore, as well as from the pig The Siemens rotary furnace is of this 
character. It is formed of a easing of wroiight-inin plates riveted to- 
gether, lined with fire brick and bauxite, or magnesite bricks, and a 
letthng compound of liammor scale and iron oics melted together. 
This furnace is about 10 ft. 6 m long by 1 0 ft. 6 in diameter, having its 
axis horizontal. The body of the rotator revolves on friction wheels, a 
water jacket keeps the ne<‘k cool, tlio heat is supplied hy gas producers 
and air regenerators. Bends or knees attached to tho water pipes 
projtet into tlio body of the rotator and keep tho charge continually 
turning over, and break it up into five or six small homogeneous balls 
instead of allo\^ ing it to agglomenite into one mass. 

Btvolving Tool Box — A tool box cmploytMl in some ijlaiiing machines 
for met^, which is made to turn through an angle of 180° for tho pur- 
pose of cutting in both directions It is revohod by cords moved 
automatically. Termed a Jim Crow lx)x, or a Jatk-in-tho-l)ox. 

Bhomboid. — A parHllelogram whoso sides are uneipial, and A^hoso angles 
are not nght angles. 

Rbombos.— A parallelogram (cj v ) whose sides aro equal in length, but 
whoso angles arc not right angles. 

Rhymer ~A reamer (q v ). 

Rib. — A flange or fillet carried around tho idges of or aiToss a casting 
or pic-ee of plated work, in order to strengthen and support an othei- 
wise W(‘ak web 

Ribbon Brake. — A strap biakc (q v.). 

Ribbon Saw.- A band saw (q v ). 

Riddle.- A coarse foundry sieve about half an inch in tho mesh, used for 
sifting the coarse and old sand of thofoundiy flo(T 

Riddlings.— Tho residual lumpy material left m tlie riddle after tho rid- 
dlmg or sifting of foundry sand. The smaller the proportion of riddlings 
the better the quality of sand. 

Ridge. — A central horizontal foundry runner, lying longitiulmally in 
relation to tho casting or castings, and from whuh a number of 
offshoots or sprays v ) proceed to convoy the metal each to its 
own section of tho mould, or to its separate casting, as tho case 
may be 

Ridge Capping.— Tlie covering which runs along tho ridge of a roof. 

Ridge Roof.— A roof whose rafters meet m an apex. Its end view is 
therefore that of a gable. 

Riding . — When, owing to loose fitting shafts, or to bad centring of cog 
wheels, they slip out of gear and the points of tho teetli of one como 
into contact with tho teeth points of its fellow, they are said to ride or 
override. 

R i fflOT , or Bow File. — A file curved in the longitudinal direction. Used 
chiefly for some kinds of brass work. 

Bigger. — A pulley used for the purpose of transnutting motion through . 
the medium of a belt or cord. 

Right Angle . — ^When a straight line standing on another straight line 
makes equal angles on each side of it, those angles are right angles ; a 
tight angle is theroforo 90*. 
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Bight-liaxid Engine. — A horizontal en^o which stands to the right of iti 
3y wheel when viewed from the back end of the cylinder 

Bight-hand Tools.— Side tools ground to an angle on the left-hand side, 
and whir h thcroforo cut from right to left 

Bight-hand Screw —A screw which turns from left to right. A common 
wood screw is right-handed 

Bight Line. — A straiglit lino, that is, one which occupies the shortest 
possible length in nassing from one point to another, which is not the 
case with a curved line 

Bigid. — Htri( tly speaking, there are no rigid bodies existent, since absolute 
ngidity implies that siicli a body exposed to strain would suffer no 
stress But conventionally speaking, the rigid Ixxlies are the metals 
and harder mab rials 

Bigid Metali. — Metals which resist the force of impact, or of tension, or 
compression, with the least change of form Cast iron and steel are the 
purely rigid metals from un engineer’s point of view. 

Bigid “l^eel Base.— See Wheel Base 

Bim.— The oukT portion of a circular object, as a wheel, a sheave, or a 
pulley. 

Bixner —See Ih'ami’r 

Binging Engine. — A form of pile-driver worked by the combined lalmiir 
of several men The monkey slides in timber guides, and is attached 
to a rope passing o\<t a jmlley at the top The rope to^^hl(h the 
iiinnkc'y is att4i(h<\l di\ides into wweml smaller ropes, each of \^hieh is 
lu'ld l»v one man, A\ho lifts and hds go at a given signal K tf h indi- 
\idual hauls alsmt 40 lbs of the weight of tlie monkt} , wlii( h is lifted 
alwuit tlin'c oi four bv t 

Bingi. -'Ale used for many purposes, as for ]>iston8 and piston packings, 
the m<‘inis of union In'twii-n the shells and fire boxes of iKulers, the 
yunting of Iniiler seams, caulking rings, retaining rings, rings of angle 
iron used in built-up structures, Kings arc cast or weldts^l, seldom 
nvebsl. 

Bing Seami.— Tlie circumfenmtial seams or joints of a iKuier 

Bing Valve.-- A lift \ahe (q v ) in which the usual solid (bsc is replaced 
by a nug, iii <»rdir to allow' of the escape of fluid on both the outer and 
iniuT edges, and wlmdi therefore dimuuhhes by one-half the amount of 
lift nei'essarv Tlie \ahe is guidtsi by n central bhx?k fitting witlim 
the ring 'V'ahes having two nngg are also m use, by which the 
amount of lift is still further lessened 

Bipplng.— Tlio sawing of timl>er longitudinally or with the gram, as dis- 
tinguislied from cross cutting (q v ) 

Bip Saw — A linnd saw' from 28 in to 30 in. long, and containing three 
tx) thrcn^ and a half teeth ]X'r im h It is used for cutting or ripping 
down with th(' gram only. It W'ould not Ihj called a hand saw v ), 
but a np saw onlv. 

Biie.-~The rise of an arth is the vertical distance between the spnngings 
(q.v ) and the (‘ciitre or highest point of the in trades (q v ) 

Biser, or Air Gate, or Biiing Gate — A vdlioal optning through which 
the ujiper portion of a foundry mould eommuuieates w ith the outer air. 
■Wlitm the metal rises into it the foundi r knows tlie mould is full, dirt 
and scorn© are carrietl up mto it, and tlie first outruah of air is aUowcd 
to eiK’ape freely therefrom. 

BUing and Falling Spindle.— The spindle of a circular saw, which is 
made to rise and fall relatively to the table, in order to cut groovea d 
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different depths in the edges of boards. A worm and wheel oro the 
means used to operate Uie saw spindle. 

Blsing and Falling Table.— A machine table used with drilling, panel- 
thicknesaing, tin 1 other machines, wdiieh is made to rise and fall to suit 
tile re<]uireinents of different kinds of work 
Ruing Gate — The riser (q v ) of a mould as distinguished from the run- 
ning gate. 

Ruing Main — The first portion of a scries of pipes for the delivery of 
water supply, that is, next the pump or pumps 
Rising Rod — A rod which actuates, through the medium of catches, sec- 
tors, and weights, the steam and exhaust \ahc8 in a Cornish engine. 
Ruing Spindle Saw.— See Rismg and Falling Spindle 
Rivet —A double-headed bolt-like but solid fastening, employed for 
aecunng plates together in a permanent manner, the tail of the rivet 
being hammered <)ver iii place Rivets are chiefly cm ploy (hI m fases 
when* they will Lk) subject to shearing, and not to tensile strains They 
are of soft iron of superior quality to thatus(*d for plak*s, and are made 
by pressing into dies while rod hot Rivets hold partly by the eoiitrac- 
tiori of the m( tal in cooling, nipping the plates, but also by th(‘ fnctional 
rt hintanoe of tlie plates to slipping Rivets are usually closed up while 
ri'd hot, but if the length iK'tween the heads is moie than four inches 
tlie bead is apt to bt*como broken off by the contnution Over six 
inthts riv(‘ts aie stddorn used, or if used are riveksl up cold 
Rivet Boy. — A lad whose duty is to make nvets red hot ui a furnace or on 
a forg«‘, and hand them to the workmen with tongs 
Riveted Plates — No definite rules can ho laid down for the strength of 
n\eksl plak‘s, since each example must be tesksl on its own nieiits — 
the m<Kie of punching or drilling, the fainicss or otherwise of the holes, 
the quality of the makrial, lioth in the plate and the rivet, the nature 
of the strains to which the plates are subjwt, and the fonns of joints, 
whether lap, or butt, single or double stripp<*d 
Riveted Stays — Boiler stujs art* mostly rivt k'd over at their imds, l)eing 
first screwed mto tlie plak‘S. and sufficient length l>eing loft for 
riveting over. Sometimes a rivet is passed through a ji.pt or distance 
pietjc of wrought mm whoso length is equal t<j the distance between 
plates 

Rivet Forge — A portable forge (q v.) used by iKnlor-makcrs and platers 
for heating ilitir nvets alongsiJtj of the work for which they are 
requireti 

Rivet Head. — The head of a nvot is the portion which is first formed, not 
that whu his turned over by the act of nveting, or the tail. Rivet 
heads are segmental, ellipsoidal, pan, snap, or countersunk, noted 
under their several headings 

Rivet Hole! —The holes pierced m metal plates to receive the rivets fq v ). 
Tliey are either punched, or drilled, or punched and rymerod out. 
Punching weakens a rigid plate , rymering relieves the punched holes 
of some of the local tensioxi set up therein, and leaves the plate un- 
injured. 

RivetiAg — The turning over or donching of the heads of nvets Largo 
rivets are treated while red hot, small ones when cold Tvro men 
and a boy are required for hand nveting, one to hold up, the other 
(often two) to hammer over the head, and the boy to fetch the rivets 
from the fire. The rivets are bammered sharply while red hot, the 
hammer beating over tlie tail on all sides in Bneoesaion. The finish 

V 



isiXttpattel to Sieliea^ ly tne snap, wliose i^ape is aa exact reyerse of 
that oi the rivet. See Machine Riveting. 

Blyeting Hammers.— Hammers of various kinds employed in rii'eting. 
They are mostly narrower than ordinary engineers’ hammers and 
the panes are never broad 

Eiyeti^ Machine — A machine used for closing up or forming the tails 
of rivets by pressure only. The essential mechanism consists of a die 
fixed near the end of a stout cast-iron pillar, and which receives tho 
thnist of a movable cup or snap-head die, actuated by mechanism 
similar to that of a punching machine, the rivet, of course, intervening 
Hydrauhe riveters are actuated by the pressure of water, and have come 
mto extensive use of late years 

Biveting Bet.— A steel punch hollowed upon its face either to a cup or 
snap-head shape, and used for closing up and forming the tails of 
rivets In hand work they are used to follow after tho hammer and 
impart a finish , in machine riveting they close at one operation 

Bivet Joint. — Riveted joints have the advantages of being quickly and 
readily made, and of being veiy reliable if properly propoitioned, and 
hence are applied to a vast number of structures — boilers, girders, 
bridge work, tanks, &c The forms of rivet jomts are smgle and double 
lap, and butt, described under their headings 

Bivet Steel. — Mild steel is now used largely for the rivets of boilers. 
Good rivet steel should stand bending cold to a curve whose inner 
diameter is equal to that of the rivet The heads of steel rivets should 
be hammered down quickly Overheating of these is moie injurious 
than in the case of iron 

Bivet Tongs — Tongs with long narrow jaws used foi grasping red-hot 
rivets and slipping them into their holes. 

Boach Belly. — See Chambeied Core. 

Boad Locomotive.— See Traction Engine. 

Boad Pen —See Hrawmg Pen 

Boad Sand. — The scrapings of loads in flinty districts, which, being of a 
silicious and refractory character, is used for mixing with s inds of a 
more close nature, for foundry use 

Boasting. - The preparatory treatment of ores of metals, consistiug in the 
heating them at a moderately high temiieraturc iii ordei to volatilise and 
drive ofi the delctcnous gases, eai borne acid, sulphur dioxide, &c 

Booking Disc See Wnst Plate 

Booking Frame. — The frame which c.'irnes the gear wheels at the end of 
a self-acting latlie, for reversing the direction of the back shaft 

Booking Orate Bars — Eire bars (q v ) to which a rocking motion is im- 
parted in order to prevent ehokmg of the interspaces 

Booking Handle, or Booking Lever. — The double-ended handle for the 
application of manual power to the working of double-barrelled pumps 
One piston is thus at the lowest part of its stroke while the other is at 
its highest Called also bob lever 

Booking Lever — ^The lever which drives the air and tho circulating 
pumps in murmo engines 

Booking Shaft, or Book Shaft. — A shaft which carries tho douhlo-cndod 
lever which actuates the slide valve in tho indin'ot actmg slide valve 
(q V ) typo Also any shaft or spindle which has a to-and-fro motion 
only, as a weigh sh.aft (q v ). 

Book Sand — Tho debris of abraded rock, used for foundrj' cores. See 
Foundry Sand 
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btf of iron or other metal. The sections and sizes of rods are 
Tariable — ^flat, roimd, oval, half-round, &c. — aooordmg to the numerous 
puTOOses for which they are required. 

Bod (miseh— The smith’s chisel, which is held by withy handles, to dis- 
tin^fih it from the anvil cutter (q.v.) 

Boddmg. — ^When, in the course of moulding a pattern, a mass of sand 
overhangs a flange space, the sand is support^ by bent rods of iron 
proceeding from a drawback or other plate, and bent over the flange 
space to form a rigid nucleus for the binding together of the sand. 
But for this redding, as it is called, the sand would probably be washed 
down by the rush of metal. 

Bod Gauge — See Gauge Rod. 

Boiled Bars — Bars of malleable iron or steel, tlie shape of whose cross 
section has been developed by passing through the rolls of rolling mills 
All imaginable sections can be rolled thus, provided that the section 
is uniform and that all flanged portions stand at right angles with 
the main axis. 

Boiled Beams. — Joists (q v ). 

Boiled Iron. — See RoU^ Bars. 

Boiler Feed . — In machines for wood working the timber is fed up to the 
cutters by fluted rollers , hence the term roller feed. 

Boiler Path — A smooth surface, plane, circular, or otherwise, upon which 
smooth rollers, turned or chilled, travel to carry a superstructure of 
some kind Rotatmg furnaces, revolving cranes, &c , run on roller 
paths 

Bolling — The straightening, or the bending of plates of sheet or bar 
metal, performed between the rolls of rolling mills 

Bolling Circles — See Rolling Curves 

Bolling Collar — The half shrouding of gear wheels, which, terminating 
in each wheel on the pitch line, gives rolling contact on that line, and 
consequent ease and regulanty ol motion, in addition to strength 

Bolling Contact — The communication of motion by means of friction 
wheels and toothed wheels 

Bolling Curves, or B,olling Circles. — A term given to templet curves used 
in striking out the shapes of the teeth ot gear wheels The funda- 
mental circles (q V ) are represented by arcs of circles, mner and outer 
respectively, laid upon the pitch Imcs struck on the drawing board, and 
the generating circles by complr-to discs, which are rolled upon the 
fundamental arcs, needle pomts being inserted in the generating circles, 
by which the cycloidal curves of the teeth are scribed upon the di awing 
board or paper. See Wheel Teeth. 

Bolling Friction — Friction which takes place in the contact of an axle 
with friction rollers (q v ),U8edtodistmguishit from shding friction (q v ) 

Bolling Load, or Moving Weight. — A load which is neither concentrated, 
nor distributed simply, but which, either concentrated or distributed in 
its mass, is nevertheless in a state of motion over a structure, as m the 
passage of a railway train over a hndgo. 

Bolling Mill — The mill m which puddlSd bar is converted by rolling into 
merchant iron. Scm) Puddling Rolls, Forgo Train, Merchant TYain, 
Roughing Rolls, Thi'cc High Rolls, &c All tho various sections of 
malleable iron bars are im]iartcd durmg tho processes of rolling. 

Bolling MiU Engine . — The term cannot be said to refer to any special 
type, hut rather to tho work which it is desired to perform. All tho 
main types of engines are employed in rolUng milb, condensing and 
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non-oondensing, horizontal and vertical, reversing and non-reversing 
They are massive and well made, suitable for the heavy work whici 
they have to do. 

Bolling Oil. — Oil used for lubricating the surfaces of metal passed be- 
tween cold rollers 

Bolling Over. — The turning over of a foundry box after one-half has been 
rammed up. Strictly speaking, that process of mouldmg by which both 
sides of a pattern are directly rammed up, in contradistinction to the 
bedding in method, where the top side only is rammed and the bottom 
is bedded in the floor and packed around with sand. 

Bolling Parallel Buie. — See Parallel Rule. 

Bolls — Cylinders of cast iron, ranging from a few inches to three or four 
feet in diameter, used in the processes of the manufacture of the various 
sections ot malleable iron and steel The cylinders are plain, or grooved, 
according to the sections which thcvaie designed to produce For spe- 
cific terms see Puddling Rolls, Mill Rolls, Forge Tram, Two High Rolls, 
Three High Rolls, Gram Rolls 

Boll Squeezers — Rolls used as squeezers for consolidating puddled balls 
into blooms The squeezer contains three rolls, two of them side by side 
and on the same level, and an ujiper one capable of adjustment upwards 
or downwards The length ot the bloom is fixed by collars on the 
lower rolls, and its diameter by the adjustment of the top one. 

Boman Balance. — See Steelyard. 

Boofing Stays. —See Roof Stays 

Boot Stays, or Boofing Stays — The stays wJiieh stiffen the roof of the 
fire box of a locomotive or portable engme. See Girdei Stays. 

Boof Truss —See Truss 

Bope Crane — A travelling crane driven by an endless rope of cotton cord 
or of hemp Tlic source of power may be attached to or be distinct 
from the crane. Tlio cord travels at a very high speed, so that a 
minimum of power is required to lift a heavy load The tension of the 
cord 18 maintained, and its slack taken up by tightening pulleys having 
their bearings m sliding frames, which are counterbalanced by sus- 
pended balance weights 

Bope Gearing — Power is conveniently transmitted to a long distance by 
means of 1 opes running at a high speed. They are principally applicable 
to machinery to which the power has to be conveyed to a considerable 
distance, as the ropes should hang loosely on their pulleys in order to 
increase the extent of the are of contact Tlie driving power is duo 
principally to the weight of the ropes, and they should fit slack to 
prevent undue wearing of the strands m the grooves of the pulleys llio 
pulleys should be large— that of the smallest should not be less than 
30 times the diameter of its rope It is more eonveniont to use several 
small ropes than two 01 three large ones The pulley giooves should bo 
turned as smooth as possible to dimmish undue wearmg of the strands 
of the ropes. 

Bopei. — Ropes are used for the transimssion of power overlong distances, 
as being more suitable than belt and toothed geanng Ropes are made 
of Russian lien^ and tarred, or of Manilla fibre, or of cotton, or steel, 
or iron wire. The twist of the strands of which a rope is composed 
diminishes its strength, but is necessary to bind it together con tmuously. 
Tarred hempen ropes are the weakest, steel wire ropes the strongest. 
The sizes of ropes are given m their girth or ciroumferenoe, and 
their weight in pounds per^thom. 
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Hope Wheel. — A sheave pulley whose groove receives the bi^t of a rope 
for hauling purposes. The rim is veed in section, but often waved in 
the circumferential direction See Wave Wheel. Rope wheels are 
used for overhead travelling cranes, hoists, &c 

Rose Bit. — A solid cyhndncal parallel bonng tool, used for makmg drilled 
holes straight and parallel and of equal diameter This it effects by 
cutting only in front, or rather where the front merges into the 
parallel sides, the front edge bemg rounded slightly and serrated into 
a succession of small cutters so that the end is imagmed to bear some 
rude resemblance to the *whorl of a rose blossom. The ri^d solid 
cylindrical body prevents the tool from being drawn to one side by the 
irregularities of the ongmal rough drilled hole. The difference between 
a rose drill and a broach, or reamer, with which it is sometimes con- 
founded, 18 that the latter cuts at the sides, the former at the front 
rounded portion only. 

Rose End — A strainer (q v ) 

Rose Jet — The perforated strainer or nozzle at the end of a water hose 
employed for irrigation or other purposes 

Rose Reamer — A broach, both fluted and having a rose end. 

Rosette Copper — A variety of copper obtained by throwing water upon the 
surface of the molten metal, the result being that it solidifies in thin 
films 

Rosin — See Resin, 

Rotary Blower. — A blower (q v.) whoso essential characteristic is the 
rotation of fans or pistons in a cylindrical case The fans are usually 
either radial or curved The lustons are double or treble ended, and so 
formed and pivoted that during rotation, escape of air is prevented by 
tlieir accurate and close fitting within the cylinder, and next each other. 

Rotary Cutter — A cutter (q v ) which is rapidly rotated on a spindle in 
order to impart a definite outlme and a clean surface to a wood or 
metal blank The teeth of gear wheels are thus formed. MiUing 
cutters are rotary cutters ; also the surfaces of timber boards and of 
moulded edges are produced with cutters set in a revolving adze 
block. The rate of revolution is variable, though very high in most 
cases Cutters set in slowly revolving boring bars are not properly 
mcluded under this head 

Rotary Engines. — Applied to steam engines whose pistons have a rotary 
movement 

Rotary Furnace. — See Revolving Furnace. 

Rotary Pistons — The pistons of rotary engines, pumps, and blowers. 
They are circular, or segments of circles, with or without slidmg pieces 
or abutments moving m grooves in their bodies The pistons of 
blowers aie also called w'afteis 

Rotary Puddler —Sec Revolving Furnace 

Rotary Pumps.— Steam pumps in which the necessary action is produced 
by the revolution of segmental pistons around their axes This is also a 
g( neral term applicable to all pumps whose pistons have a rotary or 
circular motion See Centrifugal Pump. 

Rotary Squeezer — A form of squeezer used in the consolidation of 
puddled ball It consists essentially of two cylinders, an external and 
mtemal, whose surfaces in op]^ 8 ition are roughened, and their axes set 
eccentrically one with the other. The ball introduced at the widest 
portion of the space between the cylinders is carried round by the 
rotation of the inper drun) and sc^ueezed between the narrower 8 pao§§, 



UTimeels, maclunery, paddle wheels, propellers, the" balance weights 
01 locomotives, &c. 

Bot&tOT. — A revolving furnace (q v.). 

'B.OTLgli Coat. — ^The first coat of loam applied to a loam pattern, mould, or 
core. 

■Rough Cut.— (1) The term used to designate the coarsest kind of file made. 
The degree of coarseness depends upon the length of the file. In one 
of 12 111 in length there would be 40 rows of cuts to the linear mch. 
(2) A first thic kness of shaving removed from a piece of metal work 
m a lathe, shaping, or similar machine. The rough cut is taken to 
penetrate under the skin. 

Rough Dimensions — It is necessary to give certam allowances of extra 
thickness of metal in all work which has to be machined, whether castings 
or forgmgs, so that they are larger by this amount than the finished 
dimensions (q v ) These are called the rough dimensions, and m the 
pieces of work, whether rough castings or rough forgings, so long as 
sufficient thickness is allowed for machining, very close acciu*acy is not 
looked for, nor is necessary. 

Boughing. — See Roughmg Down 

Boughing Down or Boughing — The removal of the largest bulk of 
material, mcludmg the outer skin or scale, from a piece of work, pre- 
paratory to tlie more accurate and final brmging to shape with finish- 
ing cuts. 

Boughing Out — Sometimes used in the sense of roughing down (q*v.), 
but more properly signifies the first preparation of a forgmg, or a piece of 
wood work from the crude material. A forging would be roughed out 
when produced by swaging, jumping up, and welding from the original 
bar, while not yet finished with the fullering and flatting tools, dies, 
or final swagings A pattern would be roughed out when the stuff 
was brought nearly, but not accurately to dimensions. A piece of 
bright metal work would be roughed out when it leaves the slotting 
or rfiaping machine, or vhen chipped rudely to shape. 

Boughing Bolls. — The first rolls used for rolling puddled bar, in which 
the bloom is squeezed and consolidated and brought roughly to shape. 
See Puddlmg Rolls, MiU Rolls, Plate Mill. 

Boughing Tool —The ordinary tool used by iron turners and machinists 
for removing the outer skin, and generally for turning cast iron, wrought 
iron, and steel. It is either of the solid cranked form or is a short 
length of rod held in a cutter bar Its angles vary with the material 
upon which it is used 
Bound Backed Angles —See Anglo Iron. 

Bound Bar Iron.— See Bar, Rod 

Bound Body Valve. — ^A pump valve whoso body is of cylindrical shape. 
Bound File. — A file circular in section Round files are cither tapered 
or parallel, the tapered files of small size being termed rat tau files 
(q v.). Round files are used generally for enlarging holes and diaping 
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hollow curves. Bound pa^d files axe also used for guUetmg the 
teeth of large circular and pit saws. 

Bound Head Screws. — Button-headed screws (q.v.). 

Bounding Tool — A swage tool hollowed to a semi-cylindrical section and 
used by smiths for rounding and finishing iron rods. 

Bound Nose Tool, or Bound Tool. — (1) A chisel whose cutting edge, round- 
ing in plan, is used both in wood and metal turning for finishing curved 
and hollow parts. (2) A stout tool similar in shape to the fore- 
going, but narrower, used by fitters for cutting oil grooves in brasses 
and on bioad bearing surfaces. 

Bound Plane. — A plane, the edge of whose cutting iron is an arc of a 
circle, and wMcn therefore luanes hollow Used by carpenters and 
pattern makers. The sizes of the planes are indicated by numbers, the 
lowest and smallest sweep being No 1 , and the highest and largest 
bemg No 18 

Bound Tool. — See Round Nose Tool 

Bouter — The lip on a centre bit or Jcnnmgs bit, which removes the 
wood withm the circle cut by the nicker (q v ) 

Boyal Drawing Paper — Measures 24 x 194 

Bubber, or Glass Paper Bubber — (1) Aflat rectangular piece of cork glued 
to a similarly shaped wood backing, and used in applying glass paper to 
woodwork The cork is more elastic than wood alone and does not 
work so harshly. Rubbers are cut also into various outhnes, curved or 
otherwise for special work (2) India-rubber (q v ) 

Bubber File — A coarse heavy me used only in the roughest work, and 
seldom by engineers 

Rubber Hose — Hose pipe built up of vulcanised india-rubber This is 
superior to canvas hose (q v ). 

Rubbing Board — A flat board measuring about 6 in X 3 in , held in the 
hand and used for sleeking over the flat faces of foundry moulds pre- 
vious to the final smoothing with the trowel and the blackening. 

Rubbish Pulley.— See Gin Block 

Buie. — A standard of measurement See Arch Joint, Contraction Rule, 
Standard Rule, Square Joint Engmeers’ rules are either two feet, two 
fold, that IS, havmg one joint only , or one foot steel rules (q v ). 

Buie Measurement. — Used for all ordinary dimensions, but is not 
admissable for work requiring great exactness ; trammeling off (q v.) 
and the use of calipers, with ordmary, and micrometer gauges, &o , 
bemg employed mstead. 

Bumble, or Rattle Barrel, or Tumbler — A hollow revolving cylinder, 
used for the purpose of cleamng off castings from the sand which 
clings to them from the moulds The castings are enclosed loosely in 
the revolving cylmder and become cleaned by their mutual attrition. 

Bumbling — The cleaning of castmgs in a rumble (q v ) 

Runner. — The channel or passage through which the molten metal passes 
from the gate into a mould 

Runner Head — The mass of metal which fills the ingate (q v ) of a 
foundry mould Runner heads and feeder heads (q v ) are knocked 
off while red hot, and are m request in the foundry for coolmg very 
hot metal just tapped mto the ladles They are dropped in the molten 
metal, and in becoming remelted, lower the temfperaturo of that in the 
ladle. 

Runner Pin, or Runner Stick — A tapered pin, cylindrical or reotang^ular 
in section, used by iron moulders as a pattern from which the runner 
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(q.v.) is formed for a mould. The sand is rammed around it in the 
usual way, and on the withdrawal of the pin a passage remains for the 
inflow of the metal 

Bnnner Stick —See Kunner Pin. 

Banning Away. — (IJ Racing (q v ). (2) The escape of metal from a mould 
in the act of pouring, due to bad jomting of the sand. When it occurs 
in quantity, a waster casting results 

Banning Centre Chnck. — A dnver chuck (q v ) so called because it re- 
volves with the lathe, as opposed to the similar points in a dead centre 
lathe (q v ) 

Banning Down — The melting of iron in a cupola. When a charge of 
iron 18 all melted, or completely liquid at the tap hole, it is said to be 
run down A definite charge takes a definite time to run down, the 
fimc being variable with the character of the cupola, and the nature of 
the fuel and the blast, but constant for the same cupola 

Banning Gate. — The ingatc (q v ) of a mould as distinguished from a 
riser (q v ) or rising gate. 

Banning In — An engine is said to run in when the valve is so set that 
the top of the fly-wheel rim runs towards the cylinder 

Banning In Refinery. — A refinery (q v ) which is built close to the blast 
furnace and into which the molten iron ls run direct from the latter. 
See Melting Down Eifinery. 

Banning Oat. — (1) An engine is said to run out when the valve is so set 
that tno top 01 the fly-wheel rim runs away from the cylinder (2) The 
slipping or working of a diall to one side of the centre in which it was 
started, duo to caielessnoss in centring, or to improper setting of the 
work, or to a badly formed dull, or to the influence of inequalitie.s on 
the surface of the work itself It is remedied by reccntring with the 
centre punch if the hole is not entered deeply, and by chipping out if 
it IS too deep for punching. If very deep the evil is incapable of remedy 
except by filing, or broaching, or bonng, or drifting, accoiding to 
circumstances (3) When a piece of work is not chucked truly m a 
lathe, but is eccentric, it is also said to bo running out. 

Banning Oat Fire — See Refinery. 

Banning Palley. — (1) The movable pulley in a snatch block (q v ) and in 
lifting tackle generally (2) A gin pulley 

Ran Oat. — The escape of metal from a mould during the act of pouring, 
due to open joints somewhere, caused by bad fittmg of the mould itself, 
or ot cores, or through straining of the flask parts 

Bast, or Bed Bast. — The hydrated peroxide of iron (2Fe2 O3 3H2 0) 
formed by union of iron with the oxygen of the air, producing slow com- 
bustion It 18 prevented in the M^orkshop by brushing niwly fettled 
castings over with a coat of boiled oil, and by pamtmg finished work 
with three or four coats of oil pamt 

Basting. — The coating of bright iron patterns with rust in order that they 
may take the shellac vami^ without risk of its peehng off. Rusting 19 
accomplished rapidly by rubbing the iron over with a solution of 8<il-am- 
moniac in water, or of weak hydrochloric acid, and allowing it to dry. 

Bast Joint — A lomt used by engineers where iron and iron have to bo 
caulked to withstand water pressure. It is made by fillmg the joint 
with iron borings and sal-ammoniac, to which sulphur is sometmes aaded, 
and which hardens in a day or two. 

Bjrmer.— A reamer (q.v ). 

Bymering.— The practice of enlarging by means of a rymer or reamer 
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(q.v.) holes which have been already punched or drilled. The advan- 
tages of rymering are * that in holes roughly drilled the ndges or 
amsses left by the drill can be removed and the hole left truer , that 
holes m plates which have been punched or drilled and which are not 
exactly fair can be made to correspond by clamping the plates together 
and passing the rymer through both at once , also, that in punched 
holes the local tension set up in the immediate vicinity of the holes is 
removed entirely by rymenng them about m. larger in diameter. 


s 

Saddle.— The base of a slide rest which lies on the lathe bed, and whoso 
edges embrace the edges of the Vees Similarly, the sliding plate which 
carries the dnlj spindle and gear wheels of a radial dull Tho seatings 
or supports which carry horizontal cylindrical boilers, both land and 
marine, are called saddles. These are made both in wrought and m cast 
iron 

Saddle Back Kail, or Barlow Rail — A rail whose sides curve rapidly out- 
wards and downwards, in order to provide a broad base for the laying 
of the rail directly on the ballast without tho necessity for the inter- 
vention of sleepers Its shape is inherently weak 

Saddle Flange — A curved flange hollowed out to fit a boiler, a pipe, or 
other cyhndrical vessel 

Saddle Key — A key (q v ) uhoso inner face is hollowed to fit its shaft, 
instead of the shaft being either flattened or recessed for its reception 
as 18 the ease with ordinary keys 

Saddle Tank.— See Saddle Tank Engine 

Saddle Tank Engine — A locomotive engine in which tho water tank 
envelops the top and sides of the boder, thus presenting tho aj^pearance 
of a saddle 

Safe Edge File. — A file having one or more edges left uncut, m order that 
the smooth edge may serve as a guide only to the actual cutting faces 
of the file 

Safety, Factor of — See Factor of Safety 

Safety Hoist — Any hoist constructed with differential pulleys. Also an 
ordinary rope hoist in which an automatic catch or safety stop (q v ) 
secures the rope agamst running down 

Safety Ladle — The tipping of a heavy ladle for the purpose of pouring 
its contents into a mould was formerly effected by tho power of men 
applied to levers fixed on the axis of its trunnions To obviate the risks 
attendant upon this clumsy method, Nasmyth applied the screw and 
worm wheel movement thereto One man by turning a handle affixed 
to a worm or screw shaft can then move sevcr<d tons of metal with case 
This IS called the safety ladle, and is now universally employed in 
foundries Geared ladles of tho largest size are often provicfed with a 
pair of mitre wheels in addition to the worm gear, by winch more power 
IS gained. 

Safety Plug — A fusible plug (q.v.). 

Safety Kail. — A guard rail (q v ). 

Safety Stop. — An arrangement applied to lifts and elevators for the pur- 
pose of checking their descent in case of the accidental breaking of the 
rope or chain. It usually consists of levers or springs which on the 
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rebase of the lift throw a paul into gear with a ratchet, on© being placed 
upon each side of the shaft. 

Safety Valve. — The escape or rehef valve by which excessive and unsafe 
pressure in steam boilers is prevented. It consists essentially of a lift 
valve of some one shape or another, and contains mechanism for impart- 
ing to the valve a definite pressure The mechanism is either a lever 
with an adjustable weight, or a spring whose strength is known, and 
whose tension may be adjusted by a movable nut , or a deadweight, or 
Cowburn valve (q v ) 

Safety Valve Lever — A loaded lever, the valve to be opened by steam 
pressure lying between the fulcrum and the load or weight ; its prin- 
ciple being that the weight of the total steam pressure on the valve 
multiplied by its distance from the fulcrum is equi to the weight on the 
lever multiplied into its distance from the fulcrum. This takes no account 
of the weight of the lever itself, or of the valve, which must also be 
considered 

Safety Valve Seating. — (1) In Cornish and Lancashire and marine boilers, 
the safety valve is not attached directly to the boiler shell, but to an 
intermediate casting called its seating. It is more convenient, and safer 
in practice to fit a seating to the curve of the boiler, and provide it with a 
flange for the attachment of a valve shell, than to fit the latter directly 
(2) The annular opening on and within which the valve fits and 
through which the steam escapes, is called the seat or seating This is 
usually a gun -metal casting distinct from, and driven into the safety 
valve shell 

Safety Valve Shell — The cast-iron casing which carries the gun -metal 
seating of a safety valve 

Safe Working Load. — That which is obtained by dinding the load which 
would produce fracture or crippling, by a factor of safety (q v ) 

Sag — The vertical and lateral sway of a rope or belt duo to stretching 
and slackening 

Saggers — Cast-iron boxes used for packing the castings and sifted red 
haDmatite, m readiness for the annealing oven, in the process of manu- 
facture of malleable cast iron (q v ). 

Salamander. — Sec Scaffold 

Sal-ammoniac. — Symbol NHi Cl. The chloride of ammonia obtained as 
a bye product m gas manufacture Its uses are various It is used as a 
.flux for tinned surfaces which are to be brazed, and as an mgredient in 
rust cement, and for the rusting of iron patterns. It is also sometimes 
used to prevent or to remove incrustation in steam boilers This it 
effects by the formation of chloride of lime which is soluble in water. 
It requires caution in its use, as the carbonate of ammonia formed will, 
if it becomes concentrated, attack the metal work. 

Sahnometer . — An instrument used for testing the degree of saltness present 
in the water used m marine boilers The instiumont used, is either the 
thermometer by which the boiling point of the water is as(;ertamed and 
tlie amount of satui'atioii deduced therefrom, or a hydrometer especially 
marked for degrees of saltness, by which the specific gravity of the water 
IS measured 

Baiting. — The accumulation of a deposit of salt on the plates of a marine 
boiler A certain amount of salting is not mjurious to the plates, but 
the density of the water diould not exceed ■^'^3-, or from 8 to 10 ounces of 
salt to the gallon. See Two Salt Waters. 

Balt Water. — See Sea Water. 
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Sampling.-The process of jedgag of fie qmtJitjr of p% ircntrs tod^^^ 

the appearance of a newly fractured surf^. A small ineW 

is renioved from tlie furnace and eith.er flattened out or orolmn witn a 
sledge, and by the appearance of the fracture, or by a ready chemical 
test, or both combined, the properties of the metal are interred, and any 
necessary alteration made in the proportions of the ingredients, or ik tits 
conditions of workmg. 

Band.— Sand is formed by the decomposition of sandstone (q.v ) rocks, and 
18 of very various composition and degrees of hardness. Its basis 
IS silica, but this is so mtermixed with other substances as to produce 
compounds varying greatly in characteristics and uses. Some are 
highly infusible, others very shghtly refractory. The uses of sand 
in engineering work are multifarious and are described under their 
specihc headings. See Old, Dry, Green, Strong, Road, Coro Sand, 
Loam, Ganister, &c Sand is also sprinkled by smiths over those 
joints wThich have to be welded together in order to protect them from 
oxidation by the atmosphere The sand forms a glassy scale at the 
welding temperature Sand and water are used for the scourmg of 
the sheet- iron plates used in the tm manufacture 

Band Bank. — In foundries where small pipes are cast m quantities the 
moulding boxes are placed, and the metal run on a bank ot sand sloping 
at an angle of about 45° with the horizontal The pipes are sounder 
when made by this method than horizontally, since the suUage rises to 
the upper portion as is the case when casting upright 

Sand Bed. — (1) The bed of sand m front of a blast furnace into which the 
sow and pigs are run. (2) Any bed of foundry sand, level or slopmg, 
on which a mouldmg box or pattern is laid. 

Sand Bin. — A trough or compartment m, or adjacent to foundries, used 
as a convement receptacle for sand required for the use of the mouldei , 
the different sands being kept m separate bins. 

Sand Blast Sharpening — The sharpenmg of files by the direction of a 
current of sand and water across the teeth and along the file at an 
angle. The mixed current is discharged by the introduction of a steam 
jet. The sand is as fine as flour emeir Files sharpened thus are con- 
sidered superior to those cut in the ordinary manner. 

Sand Box. — (1) A box contaimng a selected quantity of foundry sand for 
moulders’ use Sand boxes are kept at hand in all classes of work both 
hand and machme. In mouldmg machmes the boxes are either above, 
or imdemeath m tlie base of the machme. (2) A box used on locomotives 
as a receptacle for sand, which bemg allowed to fall on the rails in 
slippery weather increases the adhesion of the wheels. 

Sand Burned — Castmgs become burned, or sand burnt, when the metal is 
poured mto the mould at too high a temperature, in which case the 
surface of the metal combines with the silica m the sand and becomes 
extremely haid. and rough or chilled. The use of plumbago or of 
blackmg is to mterpose a protective infusible medium between the 
actual sand and the intensely hot metal. 

Sand Joint — The partmg or jomt between the different portions of the 
sand of a foimdry mould 

Sand Mixer — A machme used in mixing sand for foundry use. 

Sand Mixing. — The mixmg of sands for foundry use is an art for which 
no directions can bo laid down, being altogether withm the range of 
practical experience. The proportions of the different sands necessary 
to produce any given result varies also with the locality from which the 
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sands are obtained. For special notes see Strong Sand, Core Sand, 
Dry Sand, Loam, and other specific headings. 

Sand Paper.— See Glass Paper. 

Sand Papering Machines — See Glass Papering Machines. 

Sand Pit — See Foundry Pit 

Sand Plug.— See Plug 

Sand Pump — A pump used for drawing the wet sand out of caissons, pits, 
and mines, aud in prospecting for gold and diamonds. It is of the 
centrifugal typo. 

Sand Eat — A slang term commonly applied by iron moulders to members 
of their craft Sand puncher is also a favorite cognomen. 

Sand Sifter — A machme made for sifting foundry sand, and worked by 
hand or power. For sifting sand in small quantities sieves or nddles 
are employed There are different forms of machines, small sifters rest- 
ing on supports, larger ones bemg suspended from suitable beams The 
principle in each is as follows. An open sieve of rectangular form has 
a to-and-fro oscillatory movement imparted to it by means of three teeth, 
which as they are revolved by means of a winch handle within a slotted 
block impart to it alternately a back and forth motion, this being com- 
municated through a rigid rod to the frame of the sieve The move- 
ment 18 much more rapid than can be imparted by hand sieves, hence 
the advantage of using the mechanism 

Sand Sifting — All foundry sand is subjected to a process of sifting or 
riddling b(‘fore being mixed and used, the object of sifting being the 
removal of lumps and gravelly stones and foreign matters 

Sandstone —Sandstones are of various composition and d(‘grces of hard- 
ness They (*onsist essentially of silicions sand cemented togi'thcT with 
(Mibonate of lime, oxide of iron, or clay, hence (*alled calcareous, ferm- 
gnious, or argilbiccous sandstones They furnish the various foundry 
sands (q v ),the liningsof furnaces, are mixed with fire clays, and some fire 
bricks, and yield the ganister for converters, and steel moulds They occur 
as rocks and as loose friable deposits, and are termed, according to their 
physical appearance and locality, rock sand, sea sand, pit sand, free 
sand, &c 

Sand Valve — The valve by which the escape of sand from the sand box of 
a locomotive is regulated. It is under the control of the driver, being 
actuated by a foot lever. 

Sap — The circulating fiuid in timber which conveys the elements of 
nutrition to the tree 

Sappy — Timber is said to bo sappy when it is foxey (q v ) or when it has 
not been properly seasoned, so that the sap remains in large quantities. 

Sap Wood — The wood which lies immediately underneath the bark of a 
tree It is of little value, and rapidly undergoes deterioration when in 
the plank 

Saturated Steam — Sti am is said to bo saturated when it remdina in con- 
tact with the water fiom which it has been generated. It then holds 
a quantity of moisture in suspension, and is not in the condition of a 
true gas Also called dry st^m (q v ) and vaporous steam 

Saturation. — A vapour is said to bo saturated wnen it is at the greatest 
density and pressure corresponding with its temperature, and when 
therefore an increase of pressure or decrease of temperature would 
cause some of the vapour to bo condensed It is on the pomt of con- 
densation, and is thereiore in a different condition from that of a true gas. 

Saw. — A tool having a serrated blade, and furnished with a handle or 
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frame. The saw plate is of steel, the temper of the steel varying with 
the nature of the work which the tool has to do, beingbard in most cases, 
but soft for band saws. The saws used m the departments of engineer- 
ing are the hand saw, the back, frame, and pad saws, the pit, deal 
frame, and circular saws for wood, and the hack saw for metal, noted 
under their special headings 

Saw Bench, or Saw Table — The bench of a machine saw, upon which tlie 
timber is supported while being cut. Sometimes the word bench is used 
more especially when speaking of circular saws, and table in reference 
to band and jigger and fret saws. 

Saw Dust. — This is used for cleaning the oil from bolts, and also, mixed 
with loam, for the same purpose as horsedung (q v ) 

Saw Fence —See Fence. 

Saw Files. — Files made specially for the use of the saw sharpener, though 
employed also for other work They are known undej various names 
and made m various classes, mostly as second cut (q v ) and smooth (q v ) 
and both single cut (q v. ) and double cut (q v ) They ai e either taper files 
(q V ) or blunt files (q v.), and of great range as regards length. For 
saws having triangular teeth simply, the ordinary triangular single cut 
taper files are used, but for circular and pit, and large frame saws, tho 
parallel, blunt, double-cut, flat-faced, round-edged files, and the parallel 
blunt, round double-cut files are employed. 

Saw Filing Machine — A machine used for filing band saws, in which tho 
file 18 carried to and fro by an arm provided with a rectilinear motion, 
at the same time that the saw is traversed along a distance equal to a 
single tooth for each traverse of the file. 

Saw Frame.— Q) A swing frame (q v.). (2) Tho frame of a bow saw (q v ). 

Saw Gullet. — The curved bottom or root or interspace between contiguous 
saw teeth. The teeth of the larger saws alone are gulleted, the object bemg 
to secure freedom or clearance for the sawdust without choking the 
saw or causing it to work hard. Gulleting, called also saw gumming 
(q V ),is only performed once to every two or three times of sharpening. 

Saw Gumming. — The grinding out of the gullets or roots of circular saw 
teeth by means of emery wheels, the sections of whose edges are tho 
counterparts of the tooth spaces. 

Sawing — The division of material by means of saw teeth The saving of 
a given quantity of material and the minimum expenditure of power 
depends partly on tho shape of the saw teeth, partly on tho degree of 
thickness of the blade The thinner the blade consistently with tho 
work the saw has to perform, the easier the task and the less the waste 
of material. Sawmg demands under any circumstances a groat ex- 
penditure of power, hence saws are where practicable thinned down 
towards the back, which together with set, enables the plate to clear itself 
in the cut. Circular saws and band saws are in addition lubricated 
with tow soaked in tallow and oil. 

Sawing Stool. — A low trestle upon which timber is laid, which has to be 
sawn by hand. 

Saw Pit. — The pit used in country districts upon which timber is laid when 
being out into planks and boards, the bottom sawyer working in the pit. 

Saw Set. — A tool or appliance used for setting the teeth of saws. It is 
either a plyor set, or a setting hammer and round-faced block, or it is a 
special contrivance of an automatic character, of which latter there are 
many kinds. 

Saw Setting. — ^The bending over of the teeth of a saw to right and left 
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alternately, in order to make the kerf formed by the teeth somewhat widef 
than the saw blade, so that the latter shall move with the minimum ot 
friction therein The setting- of saw teeth is not usually done at each 
time of sharpening, but at about every second or third sharpening. 

8a Sharpening. — The bringing of the teeth of saws to a keen edge when 
dulled by use It is effected by files, mostly worked by hand. The 
sharpening is done from each side of the blade, every alternate tooth 
bemg filed from one side, and afterwards all the intermediate teeth from 
the side opposite, the teeth bemg filed in the same direction in which 
they lean, both to pi event screeching of the saw, and to give a burr on 
the cutting edge For sharpenmg small saws a single triangular file 
18 used, for larger saws a flat file having roundmg edges for guUeting, 
or a flat file for the points and a round file for gulleting. 

Baw Spindle — The spindle which carries a circular saw. It consists of a 
turned spindle furnished with bearing necks, fast and loose pulleys, 
and a couple of washers, one fixed, the other movable, and tightened 
with a nut, the saw being clamped between the two washers, and pre- 
vented from turning by a feather fittmg mto a slot cut m the hole in the 
centre of the saw 

Baw Table — See Saw Bench. 

Saw Teeth — The angles of saw teeth vary with the work they have to do. 
The angles of the faces are from 80° to 85° for hard, 65° to 70° for soft 
wood, and the relief angle is 65° to 70° for hard, 45° to 60° for soft wood. 
'The spacing and the set should be greater for soft than for hard wood. 
For cross cutting, the teeth are set farther back than for npping. 

Scab — An excresceiK o ujion a casting caused by the washing out of a 
corresponding jicrtion of the sand in the mould, due principally to im- 
proper ramming Tlio presence of the scab is not m itself very objec- 
tionable since that can be chipped oft', but in most cases where scab is 
present the sand which has been w ashed away is located somewhere in the 
body of the casting, with the lesult of rendering it hoUow and unsound 

Scaffold, or Salamander — A mechanical obstruction in a blast furnace duo 
to one or two or several causes m combination, as bad fuel, slag, bad 
charging, or a badly shaped furnace, and which by its presence interferes 
with the proper woiking of the furnace 

Scale. — (IJ Aterm signifying therelativcproportionsof parts, andapplicd in 
mechanics to any instrument by which proportional parts are obtained. 
Specially an instrument for makmg or measuring drawmgs which are 
not drawn to full size, but to some proportional fraction of actual di- 
mensions. Thus if nn inch upon a drawing represents a foot on the actual 
piece of work, that is said to be drawn to a scale of an inch to a foot That 
inch will bo divided into twelve equal parts, and each twelfth part repre- 
sents an inch of actual dimension. A fully divided scale is one each 
inch of whose whole length, usually of twelve inches, is subdivided thus 
into twelfths, so that a minute measurement can be taken at any part 
of its length An open divided scale is one in which the end or terminal 
dimension only representing the foot, is divided mto twelve parts, the 
parts intermediate bemg onlv partly divided. An open divided sciilo 
will thus contain more separate and distmet scales than a fully divided 
one, as for instance j in. at one end and 1 J in. or 3 m. at the other. 
Ham divisions from w hich the scale takes its name, as 7 in., 1 in , 2 m , 
are termed tlio primary divisions of the scale. (2) The carbonate of 
lime which ac(3umulat(‘8 on the interior of boiler plates, and which u 
deposited by hard water. 
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ScalM Drawing’. — K drawing: made smaller tJian the work which it repre- 
sents, but to a definite proportion which is specified on the drawing 
itself. Sec Scale Many working drawings are made to full size 
(q.v ). 

Scale Pan. — See Scum Trough. 

Scabng — (1) The process of removing the scale (q.v ) from the interior 
of boiler plates (2) The taking of dimensions from a drawmg by 
means of a scale (q v.), m the absence of figured dunensions, or full- 
sized delineations 

Scaling Hammer. — A keen-edged hammer used for the removal of the 
scale (q v ) from steam boilers, which it effects by a process of chipping 

Scandmavian Cotton Belting — A cotton belting solid woven instead of 
being made in plies. It can be obtained m widths ranging from one to 
twenty-four inches, and in light, medium, and heavy welt 

Scantling. — All quartering under five mches square. Also the transverse 
dunensions of a piece of timber is termed its scantling, as for example 
a piece having a scantlmg of 5 m X I in. 

Scarf. — See Scarf Joint. 

Scarf Joint, or Scarf. — An obhque form of joint used by smiths and by 
carpenters, for the fastening together of rods of metal and strips of wood. 
The scarf jomt m wood is often assisted and tightened by wedges 
inserted in the middle portion 

Scintillation. — Hard white iron scintillates or throws off sparks when 
in the ladle, so that the founder knows theieby the nature of the metal 
while yet in its molten condition See Breaking, Jumper 

Scoop 'Wheels. — Wheels employed for lifting water and drawing it away 
from marshy lands Tliey are in shape somewhat similar to wat( 1 
wheels, but the place of the buckets is occupied by scoops, and tlie 
necessary power is supplied by av indmills or by steam engines These 
wheels are largely employed in the fen countries 

Scoria — (1) Slag (q v ) (2) Sullage (q v ) , 

Scorification — 'Ihe melting of a small quantity of had along with copper 
which IS intended to be rolled into sheets, so called because of the 
scoria which collects on the surface 

Scotch Pig. — For ordinary foundry purposes Scotch pig is that chiefly 
used, both for hght and ornamental castings, and mixed with other 
brands, for the stronger and tougher castings No 1 Scotch, mixed 
with scrap or with inferior brands, produces useful mixtures It is 
smelted from the clay ironstone or black band ores, and exported from 
tlie Clyde chiefly 

Scotch Tuyere — A form of blast furnace tuyere in which the water is 
made to circulate around a coil of pipe encircling the tuyere 

Scounxig — Plates of sheet iron used m the tinplate manufacture are 
scour^ with sand and water to clean.se them, after preliminary immer- 
sion m dilute sulphuric acid. 

Scouring Drum — A rumble (q v ). 

Scrap. — Broken and worn castings, wa,stors, &c , clippings and ends of 
wrought iron and steel bars^ and plates The cast-iron scrap is 
remcltcd with an addition ol new pig, and the wrought iron scrap 
IS pded or fagoted, and balled up or rewelded into blooms for future 
use. 

Scraper — Tho scraper for wood is a strip of old saw bLodc, used for 
smoothing over the face of planed timber whoso grain is cross and 
crooked It is hold a few degrees over the perpcnchcular and pushed 
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or dragged over the wood It is sharpened by forcible burring up of 
the edge with a smooth piece of steel, such as a screw-driver or gouge. 
The scraper for metal is a file ground square across and sharpened at the 
end, and pushed with a straight or semi-rotatory movement over the metal 
at a few degrees only from the horizontal. It is sharpened upon an 
oilstone. 

Scrap Heap. — A receptacle for odds and ends of waste material, which is 
utilised m vanous ways Scrap cast iron consists to a slight extent of 
foundry wasters, but chiefly of old iron bought for the purpose of re- 
melting, while the scrap heaps of wrought iron or steel consist of the 
accumulation of shop refuse, and odds and ends cut to waste. 

Scraping — The bnnging of surfaces to a very approximate plane condi- 
tion by means of scrapers All good wearing and sliding surfaces are 
scraped to a fit, to obliterate the coarse marks or grooves left by cutting 
tools and files, and to increase the number of minute points of contact. 
By scraping, the work of fitting is locahsed on certain spots for the time 
being, until at length so perfect a contact becomes possible that one 
plate will sustain another of eipial weight on its under face. There is 
no mechanical opciation by which such peilect results are possible of 
attainment as by scraping To indic*atc the points ot contact it is cus- 
tomary to rub a thin film of led lead and oil on the opposite suifaco 
to that which is being sciaped, which red lead indicates by its trans- 
ference to certain highest points the localised points of contact, to which 
points thcrefoie the work of the scraper is directed 

Scraping Tools — Tools which remove the particles from the materials on 
which they operate by abrasion, mainly or altogether, as scrapers, 
broaches, reamers, saws. 

Scrap Iron —See Scrap 

Scrap Steel. — Scrap steel is utilised in the open hearth iirocosses, being 
mixed with pig iron and ore in the Sicmens-Martin process (q v ), and 
m the Siemens process (q v ) also. 

Scratch Brush — See Wire Brush 

Screen — A large i octangular sieve set up at an angle with the ground, 
and used for screening (q v ) sand for foundiy use 

Screening. — The passing of foundry sand thiough a screen (q v ) in older 
to separate the lumpy from the finer portions, the former being pounded 
up afterwards and screened over again 

Screw — A screw may be defined as a helix wound around a cylinder. 
The helix may bo single, as in a common screwy or double or multiple, 
as in many forms of feed and endless screws Fractional portions only 
of helices may bo present, as in sere^v propellers The helix, if further 
analysed, is found to be an inclined plane The mechanical advantage 
of a screw (disregarding friction) is m the ratio of the circumference of 
the arm at which the power is applied to the xntch of the thread 
Screws are square or angular m section, right or left-handed accordmg 
to the direction in winch the helix turns , and they have different names 
designating their function or shane. They are cut by taps and dies, or 
in the lathe, and are used for almost aU kinds of engineering work. 
The various terms used m connection with screws and screw threads will 
be found defined under their special headings 

Screw Area. — In a propeller is the area of the circle described by the tips 
of the blades 

Screw Barrel ~ A chain barrel having a continuous spiral groove out 
around its periphexy to receive the linJiis edgeways, the flat of the alter* 
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nate links resting on the periphery of the barrel. Designed to maintain 

‘ an even lap of the chain, and thus prevent overriding. 

Screw Blade. — sector of a screw ihread, forming one of the arms or 
blades of a propeller screw. 

Screw Blade Area. — The area of the oblique surfaces of the blades of 
a screw propeller. 

Screw Bolt.— More commonly termed a bolt (q.v.), signif3ring therefore a 
fastenmg made by means of a nut engaging with a screw thread, as 
distinguished from the nvetod form of fastening. 

Screw Chasing. — The cutting, or smoothing and pohshing of screw 
threads in the lathe by means of chasing tools. See Chaser. 

Screw Chuck. — See Taper Screw Chuck. 

Screw Clamp — The ordmary clamp used by wood workers. Small screw 
clamps are sometimes called thumb screws to distmguish them from the 
larger timber or bar clamps. 

Screw Coupling. — The ordmary coupling used for railway rolling stock. 
Links are attached to the opposite draw hooks, and these are united by 
a double screw, right and left hand respectively, by tummg which in 
one direction or another the coupling is lengthened or shortened. 

Screw Cutter's Gauge — A centre gauge (q v.). 

Screw Cutting. — The formation of screw threads on cylinders. It is per- 
formed by taps (q v.) and dies (q v ) by chasers (q v ) and in a screw 
cutting lathe (q v ) sometimes with a traversing mandrel (q v ). A good 
screw should have a full thread, be cut clean, and have ^arp edges. 

Screw Cutting Lathe. — An iron turner’s lathe, in which provision is 
made for cutting screw threads without the aid of a die, by the use of a 
screw tool only The tool is held m the slide rest and traversed in a 
longitudinal direction to an exact and measured distance for each revolu- 
tion of the lathe, the traverse being effected by means of a guide screw 
(q V ) and change wheels (q v ) A screw cutting lathe is a self-actmg 
lathe (q v ) though the latter term is commonly used to designate a lathe 
which 18 non-screw cuttmg. 

Screw Dies. — Sec Die 

Screw Down Valve — A screw valve A valve which is raised or 
depressed by means of a screw. Globe valves, sluice valves, and others 
similar in type are familiar examples 

Screw Driver. — Screw drivers are either flat, or rectangular, or circular iA 
section The latter form is useful to pattern makers because of the 
facility which it affords for driving screws down deep mto round bored 
holes Breadth of handle gives increase of leverage, hence handles are 
properly made broad, and oval in section. Length also gives more 
power Por tummg large screws into metal work, screw drivers with 
cross handles m the form of a letter X **^re used. 

Screw Driver Bit — A screw driver, the end of whose shank is square 
tapered to fitwithm the socket of a brace, similarly to brace bits. Bemg 
revolved with the brace its action is qmcker than that of an ordmary 
hand -worked screw driver 

Screwed Stays. — The bar stays, or tube stays, of boilers are also termed 
screwed stays Ordmary riveted stays (q v ) are usually screwed first 
of all, but the term is not so commoufy applied to them as to those just 
named. 

Screw Engine. — An engine specially designed to drive the screw of a 
steamer It is generally of the invertc*d cylinder (q v ) tyjie and com- 
pound (q V.) Engmes having two cylinders only, one high and one low 
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pressure, were, until recently, mostly used, and axe still for small vessels. 
But for large ocean- gomg steamers these are being replaced by txiple 
expansion engines of three cylinders, one high and two low pressure, 
and to a Limited extent by quadruple expansion engines (q.v.). 

Screw Feed — The feed (q v ) of a machme which is effect^ through the 
medium of a screw and nut Screw feeds are applied to many 
dnllmg machines, to screw cuttmg lathes, and other machines. 

Screw Gearing — Gearmg m which the t^th are not parallel with the 
axes of the shafts. The axes may be placed at any angle, and the teeth 
may correspond with a single, or with a many threaded screw. Worm 
gearing and angle wheels come under this headmg 

Screw Head. — The upper portion of a wood, or metal, or other screw, 
being the pa] t by wluch it is driven into its place 

Screwing — The cuttmg of screw threads by means of taps and dies. Most 
commonly used by workmen to denote the cutting of bolt screws in the 
screwing machine, or the cuttmg of gas threads on piping rather than 
of work done m the lathe, which is more often denominate screw cuttmg 

Screwing Flange. — A cast-iron flange, screwed internally for attachment 
to the similarly screwed ends of wrought-iron pipmg, the pipmg bemg 
then united by bolts passmg through opposmg flanges Screwed flanges 
are used in pieforcnce to common tubular unions, because of the readi- 
ness with wnich they can be disconnected, and also for connectmg pipes 
to other flanges, as on cast-iron work, engine cylmders, &c , into which 
it would bo inconvenient or impossible to screw the wrought- iron tubing 
directly. ]3ettcr steam tight joints can also be made with flanges than 
with SCI owed ends alone 

Screwing Machine —A machine used for screwing bolts in quantity, the 
dies revolving. See also Automatics in App. 

Screwing Tackle. — A term commonly applied to the apphances used for 
cuttmg screws apart from the aid ol a lathe Stocks, dies, taps, and tap 
-wrenches are included under this headmg. 

Screw Jack — A lifting jack which is actuated by a square threaded screw 
worked either by a lever bar inserted m a hole at the upper end or head 
of the screw, or by a lever permanently attached to the head and pro- 
vided with a latchet and click similarly to a ratchet brace (q v ), or by 
a worm and worm wheel, the worm wheel embracing the screw and 
becommg its nut. The nut not bemg free to move endways, the screw 
must of necessity traverse. The mechanical gam is obtained by 
multiplymg the power exerted at the end of the lever into the product 
of its length with the pitch of the screw. In the larger jacks the means 
of longitudmal traverse is also provided by a horizontal screw working 
m a base. See Bottle Jack, Traversmg S^ew Jack, Hydrauhe Jack. 

Screw Key, — A spanner (q v.) for tummg screw heads Usually applied 

to spanners which belong to machmes and workshop appliances. 

Sorew Mandrel.— See Traversing Mandrel 

Screw Hail — A common wood screw (q v. ) as distinguished from an 
ordinary nail driven m by percussion, the term being akin to the term 
screw bolt (q v.). 

Screw Hut.— See Nut. 

Screw Pile. — A foundation pile which is not driven into the ground, but 
turned m by means of a tapered screw, of one or of several revolutions 
at its lower end. It is used m ground too hard or too unoertam for the 
reception of driven piles. 

Screw Plate — A steel die plate used for the cutting of small screws of 
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about J in. and under, in diameter. A number of distinct holes aro 
screwed in a sing^le plate, and the plates are also made in various sizes. 
The finest of the holes m the smallest plates used for model work would 
cut a thread on a very small needle. Screw plates are diminished in 
thickness as the holes decrease m size. Taps are supplied correspond- 
ing in size with tlie holes in plates. 

Bcrew Press — See Fly Press 

Screw Propeller —See Propeller. 

Screw Bate. — The rate of a screw signifies the number of threadaper inch 
which it contains 

Screw Shaft. — The shaft which drives a ship’s screw, and to which it is 
directly attached Screw shafts are usually made in lengths and 
united with solid couplmgs The thrust of the screw and shaft is 
taken by thrust collars and thrust blocks (q v ) 

Screw Slotting. — The slotting of the grooves in the heads of cheese- 
headed and button -headed screws. It is effected with a rotary cutter 
or saw. 

Screw Stock. — See Die Stock 

Screw Surface — The surface formed by the development of a helix, or of a 
screw blade The latter is termed the screw blade area (q v ). 

Screw Tap —See Tap 

Screw Threads — Formerly each manufacturer had his special screw rates 
designed without reference to uniformity with any other. A sense of 
the advantage of a uniform senes of threads has, however, resulted in the 
universal adoption of certain standard rates. In England the Whit- 
worth threads are the standard, the Sellers’ threads m America, and 
the decimal threads in France 

Screw Threaded Gauge — An assemblage of laminal or thin steel plates, 
whose edges are notched to fit screws of many different pitches, and by 
which the pitch of any thread within the range of the gauges can be 
ascertained. 

Screw Tool — A tool whose edge is ground to the sectional shape of the 
interspace between two contiguous threads, Vee shaped, or square, as 
the case may be, and used for cutting screws m the screw cutting lathe. 
For cutting screws in the lathe by a hand feed only, a chaser (q.v ) or 
chasmg tool is employed 

Screw Vadve. — See Screw Down Valve. 

Screw Worm Chuck — See Taper Screw Chuck. 

Screw Wrench — A spanner, the width of whose jaws is rendered adjust- 
able by a screw to an extent withm the hmite of the traverse of the 
screw The stram put upon a spanner is so great that this traverse is 
necessarily very short, and hence a screw wrench will enclose a few bolt 
sizes only It is convemeht for use m outdoor work, saving the weight 
of a number of separate spanners, 

Senbe — A steel tool used for markmg lines on work in wood or metal. 
The timber senbe is pomted at one end and knife-shaped at the other, 
the former for scratchmg, the latter for cuttmg. The fitter’s scribe is 
pomted at both ends, but while one end is straight the other is usually 
curved for markmg underneath work. 

Scribing — Before proceedmg to out a piece of wood or metal to outline 
or shape, whether by hand or machme, the outlme is marked out on the 
rough material as an exact guide in the subsequent operations, 
process is varioudy termed scribing, lining, or setting out, the former 
word taking its name from the scribe, which is in constant request. 
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Eexi^lng Bloolc. — A block of metal carrying a scribe pivoted on, and 
pincbed by a screw, for adjustment to different heignts. It is used 
for bmng off centre Imes on work wben laid on the surface plate. 
Hence called a surfacing gauge. 

Scrieve. — ^To scribe. See Scribing. 

Scroll Chuck — A universal chuck (q.v.) 

Scroll Irons. — Small brackets attached to the underside of railway 
wagons, to which the ends of the bearing springs are attached. 

Sculls. — The liniTig or skin of metal and scale which forms around the 
interior of the ladles used in casting steel and iron These are knocked 
out previous hi the relining of the ladles with ganister or fire clay. 

Scum Cock. — A cock placed in the side of a marine boiler for the purpose 
of getting rid of the dirt and scum whieh are carried to the surface of 
the water A inpe leads from the cock through the boiler shell and 
terminates in a copper dish or trough immersed just below the water 
line, and into which the scum coller ts 

Scum Trough, or Scale Pan, or Sediment Collector. — A shallow trough 
provided in large marine and stationary boilcis, for the collection of 
the fine sediment which is ballooned to the surface by the ebulhtion of 
the bubbles ot steam See Ballooning, and Scum Co(‘k 

Sea Cook. — An injection cock (q v ) which is placed upon the side of a 
steamer, leading from the sea to the condenser It is sup2)lementary to 
the usual injection cock 

Seam — A lap joint made between the wrought-iron, or steel plates of 
which riv(*tod and welded structures such £s steam boilers are built up. 

Seamless Tubes — Solid drawn tubes (cj v ). 

Seam Set. — A copjcrsmith’s tool, which is uied for closing up seams m 
sheet metal woi k 

Searing. — The prai tice of smoothing the surface of the rougher class of 
foundry patterns with a flat-faced red hot iron, as a substitute for 
paint or varnish. The gram is thereby smoothed and prevented from 
rising uj) when in contact with tlio champ sand 

Sea Sand. — Tlie sea sands of many localities are the debris of sandstone 
rocks, and are suitable for core making, being fiee or jiorous, and so 
offering facility for the necessary venting They are rendered adliesive 
by the addition of clay water 

Seasoning — The remov<il of the sap from fallen timber Tins is effected 
^ allowing the moisture to dry out by frcH? c'xjiosure to the atmosiihere. 
Timber takes from one to three years to season in the ordinary way, 
but much less when ai tificial seasoning (q.v ) is resorted to. 

Seat — A seating (q v ) 

Seating. — (1) A casting which becomes the base or foundation for por- 
tions of work. Usually applied to the castings 'v\hich are attached to 
boilcTs to carry the safety, stop, and othcT valves Also called a seat 

Sea Water — Scai water is of necessity used in maime boilers, and though 
a slight degree of saltness is not injurious, but rather beneficial, too 
much salt is detrimental, xirodiicing a rapid deposition of scale Since 
the water in the boiler increases in saltness by reason of the constant 
evaporation going on, frequent testing by means of a salinomoter is 
essential, and judicious blowing off of the brine at intervals 

See. — The secant of an angle. 

Secants, Line of —See Sines, Line of 

Second Cut File — A file ha\ing a degiee of cxiarsenoss midway between 
that of a bastard and a smooth out (q.v.) 
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Second Tap. — tap intermediate in size between a taper and a plug tap. 

Section —The division of a substance or the cutting of a mass in any 
direction. The term is used chiefly to indicate those particular views 
in a drawing by which the mtemal or central parts of a piece of work 
are delineated. It may therefore be defined as a drawing showing a 
view of an object on the assumption that the object is cut across at that 
particular spot. The direction in which the section is taken is indi- 
cated by the words “longitudinal,’* “transverse,” “oblique,” “ver- 
tical” or “plan,”or by lines dott^ on the drawmg, as “section on 
line A B, hne CD,” &c 

Se Jtional Area. — This has reference to the sum total of the area of the 
quantity of metal in a casting or forging irrespective of its diameter or 
linear dimensions The term is chiefly employed in reference to columns 
whose strength to resist torsion varies widely with their sectional areas, 
for example, a hollow column whose sectional area is the same as that 
in a solid column, will if its inner and outer diameters are as 8 to 10, bo 2| 
times stiongcr than the solid one, notwithstanding that there is llie 
same amount of metal in each 

Sostional Boiler — A steam boiler which consists of an aggregation of 
small independent heating tubes The advantages of these boilers con- 
sist in Uie high pressures to be obtained in them, their immumty from, 
or at least localisation of explosions, the strength of small tubes, and 
rapid transmission of heat through them, and the ease with which local 
repairs can be effected On the other hand there is a tendency to tho 
accumulation of deposit in the tubes, and difficulty of clearing them 
out, and a tendency also to overheating Also called water tube boiler, 
unit boiler. See Water Tube Boilers in App. 

Sectional Plan — See Plan Section 

Section Angle. — The angle between the top and front faces of a double- 
edged turning tool 

Section Colours — The colours used by engineers to indicate sections of 
various materials Cast-iron section is grey, wrought-iron section is 
blue, steel section is purple, gun-metal and brass sections generally are 
gamboge Wood is brovm (umber) When colours are not used, con- 
ventional varieties of shading are employed 

Sector. — (1) A universal scale by which numerous computations can be 
obtained by measurement simply It consists of two logs divided out 
into lines, termed lines of chords, sines, polygons, &c , whose uses are 
described under their special names The lines of division are termed 
sectorial hues Sectors are usually six inches long when folded and 
twelve inches when opened out (2) The sector of a circle is the part 
bounded by two radii and the arc which they enclose 

Sectorial Lines. — See Sector. 

Sediment — The muddy deposit which collects in steam boilers, consist- 
ing chiefly of carbonate, and sulphate of lime. See Incrustation, &c. 

Sediment Collector. — See Scum Trough. 

Seed Oil — See Vegetable Oils 

Segment. — A segment of a circle is the portion bounded by an arc (q.v.) 
and its chord (q v.) 

Segmental Back, or Segmental Wheel. — An arc of a toothed wheel, mov- 
mg about its proper centre, and used for imparting reversible motion to 
a spindle through the medium of a wheel geanng mto the rack 

Segmental Bivet. — A rivet, the vertical section of whose head is that of 
a segment of a sphere, being hemi^herical nearly. 
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Semental Wheel.— Segmental Rack. 

Seieiiig. — The jamming fast of beanng parts, caused by the expansion due 
to heat and tiiie absence of sufficient lubrication. "VV^en bearings seize, 
they should be cooled by pouring hot water thereon, to be followed 
afterwards bv applications of colder water 

Self-acting — A maclime or some section of a machine whose movements 
are not executed by a direct intervention on the part of the attendant, 
but which are derived immediately from the motions of the machine itself. 
The chief motions in ordinary machines are rendered self-actmg through 
the mtervention of screws, cams, gcarmg, levers, &c 

Self-acting Balance Crane. — A balance crane m which the balance weight 
is rendered automatic, with a view of preventing accidents duo to the 
overturning of the crane, through the balance weight being run out to 
its full distance when not lifting a load The ends of the tie rods termmate 
in looped chains near the side frame, and each of these chains is attached, 
one end to a lug m a derrick barrel, the other to the short end of a bell 
crank lever The lower or longer limbs of the bell crank levers are 
attached to balance weights, and these again by means of links to the 
actual balance weight itself, which is a round ball rolling on the tail 
girders of the crane The action of the mechanism is such that when 
a load is suspended from the crane the long arm of each bell crank 
lever with its balance weight is lifted and the actual balance run out, 
the distance to which it is run being proportional to the load When 
the load is dropped the levers drop, and the balance ball runs inwards. 

Self-acting Lathe — A lathe furnished with a shde rest whose motions are 
rendered either partially or entirely self-acting Strictly speaking a self- 
acting lathe wiU have two motions, one by rack andpimon, or by screw, 
or by each at pleasure, for traversing or longitudinal cutting the other 
by back shaft and screw gearing, and geared spindle m the slide rest, for 
surfacing or cross traverse But it is also customary to term a lathe 
self-acting even though the longitudinal traverse only is so rendered by 
means of a leadmg screw, while the surfacing movement is effected by 
hand. Almost aUengmeers’ lathes are self-acting in both motions 

Self-acting Lubricator. — A lubricator which is self -feeding, the oil pass- 
ing over from a reservoir into the actual oil hole, being drawn up in 
many forms through a twist of tow or gasket by capillary attraction 
The difference between the steam and the exhaust pressure in steam 
oylmders is also made to actuate the movements of valves in some forms 
of lubricators, while in others the diffeience in the sp(H 3 ific gra\ities of 
oil and condensed steam is utilised to cause the oil to pass tlirough an 
overflow pipe into a steam cyhnder The terra embraces any lubricator 
which 18 only filled at intervals, and in 'which the feeding goes on until 
the supply is exhausted See Displacement Lubricator, Impermeator, 
Steam Lubricator, Syphon Lubricator 

Bolf-centring. — A term which signifies the automatic setting or marking 
of cylindrical work trulv It is effected m the lathe or similar machine 
by means of a chuck whose jaws arc worked simultaneously to or from 
the centre. See Centring Chuck The bell centre punch (q v ) is also 
an example of self-ccntnng, so also is the use of a square centre 


(q.v.). 

Seli^oxLtaiiied Machines — Machines whoso p.arts are not attached to dis- 
tinct fixings, but are all so combined that one foundation or attachment 
is sufficient Thus a radial drill is self-contained when the table and 
piUar are bolted together, instead of, as is often the case, the radial arm 
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being attached to a wall or pillar, while the table is bolted to the stone 
foundation. Independent machuies (q v ) may be considered as self- 
contained. 

Self-delivery — The delivery of the hollow portions of patterns in the 
sand, due to their own taper onlv, as distinguished from coring out In 
self-delivery the core is therefore of the same material as tlie re- 
mainder of the mould. 

Self-flnxing Ores — Some red hmmatites contain sufficient calcareous 
matter as to require no additional flux, hence the term self-fluxmg. 
They occur in Sweden chiefly 

Sellers’ Screw Threads. — The American standard engineers’ screw threads 
in which the sides slope at an angle ot Tlie tops and bottoms of 

the threads are cut on square to a depth equal to one -eighth of the 
pitch. 

Bemaphore. — A simal attached to a tall pillar , as used on railways the 
sisals consist of arms and lamps worked by levers and chams. 

Semi-Beam. — A cantilever (q v ) 

Semi-Bituminous Coal. — See Bituminous Coal. 

Semi-Chord — Half the length of the chord of an arc. 

Semi-Circle — A half circle, bounded by the lines of circumference and of 
diameter 

Semi-Bized Portable Engine — A boiler and engine of the common port- 
able type, which, instead of being mounted upon wheels, is made a 
fixture, the fire restmg directly upon the ground and a cast-iron 
standard being placed underneath the smoke box. 

Semi-Girder. — A semi-beam or cantilever ((jj.v.). 

Semi-Portable Engine — An engine which is in the main of the portable 
type (see Portable Engme), but which differs from it in this respect, 
that instead of bemg mounted upon wheels it is attached to an iron 
base or frame, and this to a sohd foundation of stone or timber It is 
used generally for the same lands of work as are portable and light 
horizontal engines, as sawing, pumping, winding, driving machines, 
and for work located m one place, and m work of a temporary cha- 
racter. 

Semi-Steel. — A steely iron See Puddled Steel. 

Sensible Heat — Heat which is measured by the thermometer, as opposed 
to latent heat (q y.). 

Service Pipe. — The small piping which conveys liquid from a main pipe 
to its ultimate destination 

Serving. — The covermg of a rope with spun yam to protect it from 
chamig against the pulley or drum over which it works 

Serving Board. — The board employed in serving or winding the spim 
yam around a rope. Its shape is somewhat like that of the letter X 
The yam is wound around the rope m a transverse direction, and is 
tight^ed as it is wound by being reeved round the neck of the board, 
while the handle affords the necessary leverage for pulling the yam taut. 

Serving Mallet. — A cylmdnoal block of iron used in serving Jq v.) a rope. 

Set, or Sett. — (1) A narrow square nosed or round nosed chisel-like tool 
used by fitters and boiler makers for chipping grooves in metal. (2) 
Broad chisel-like tools used for cutting off hot or cold bars on the aavfi, 
the hot set bemg ground thinner than the cold set They are attached 
both to handles as ordinaij hammers or to hazel rods. (3) A hook 
wrenidi (< 3 [.v.). (4) The deflection which a bar or stracture undergoes 
when subjected to strain or stress is its set. See Permanent Set. 
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Set after Fracture.— See Ultimate Set. 

Set Hammer — A form of smith’s hammer whose face is rectangular in 
plan and its edges square, and which is laid upon the work and struck 
with a heavier hammer or sledge m order to form a set-off (q v.). Also 
called a set, simply. 

Set Off —A term used in a general way to signify the production of an 
abrupt shoulder in a piece of work, or the standing out of one portion 
of a structure at an abrupt angle from another portion 
Set Screw — A plain screw having a square or other shaped head, made 
use of for tightening purposes It holds by fnction alone, and 13 not 
suitable for machine parts subject to excessive vibrations 
Set Square. — A square whose shape is that of a right-angled triangle 
the angles of the hypothenuse being usually either 45'^, or 30°, and 
C0° Used for laying down lines, and for checking work where the 
ordinary try square being of different thicknesses in blade and stock 
would not be suitable. 

Sett. — See Set 

Setting. — (1) The fixing of engine slide valves in their proper positions 
relatively to the ports, valve rods, eccentrics, and cranks, is called 
setting of valves (q v ). (2) The production of a set off (q v )in a piece 

of work. (3) The placing of portions of mechanism m their exact 
positions for the fitting of keys, the dnlhng of holes, and the mark- 
ing of centres. See also Saw Setting 
Setting Block. — A round-edged block of iron upon which a saw is laid 
longitudinally during the operation of setting The amount of set for 
different saws is regulated by the amount of angle given to the saws 
relatively to the curve of the bloc k 

Setting Down — The flatting or hammering down of portions of smith’s 
work with a set hammer or flatter 

Setting Down Screws. — The top screws in the standards or housings of 
bending rolls, by which tho position of the top roll is adjusted 
Setting Hammer — A light cross pane hammer (see Pane) used for saw 
settmg, purposely made narrow to permit of tlie striking of a saw tooth 
without risk of hittmg its next neighbour. The teeth are struck while 
tho saw 18 laid on a settmg block (q v ) 

Setting of Boilers — The placing of steam boilers permanents in place. 
Cornish and Ijancashire boilers are set on brickwork, the flues bemg 
built m the brickwork itself. Marine boilers are set on saddles 
Locomotive boilers are not set, but slung 
Setting of Valves. — The setting of engine shde valves is an operation of 
great nicety, and is performed in various ways, dependent upon the 
nature of the link motion The aim in every case is to obtain a precise 
and constant amount of lead for the valve, so that tho greatest angular 
advance of tho eccentric shall comcide at each revolution with the lead 
Also it is the aim, though not always practicable, to get the lead equal 
at both ends of the stroke, except in the case of vertical engines of large 
size, where the bottom lead is mightly mcreased over that of the top to 
allow of wearmg down. Usually in setting valves the practice is to 
first place the crank on dead centres, then turn the eccentric mto the 
position of greatest angular advance correspondmg with the position of 
the orank, set the valve to the position open to lead, also corresponding 
with the position of the eocentno and ciunk, and then having already 
made the rod joints, to trammel off the precise length of the connect- 
ing rod. Then taming the crank, eocentno, and valve into the exaotlj 
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oppodte portions, to repeat the operation, and shnt or weld up the 
eooentrio rods to tkeir ends. Lastly, before finishing off the rods to 
repeat, the previous operations and make any necessary adjustments. 
But wben the rods are already weldea up before setting, it is necessarv 
to omit the cutting of the key- way for the eccentric on the crank shaft 
until the setting is finished, and the length of the connecting rods may 
have to be adjusted by planing off some portion of the ends of the 
rods, or conversely by linmg them up. 

Setting Out. — See Lining Out 

Betting Over. — ^The placing of the mandrel centre of a lathe poppet out 
of line with the axial centre of the hoad&tock in order to provide for the 
turning of taper work between centres. In many latnes the upper 

* portion of the poppet is made movable on a lower base or foundation 
plate for this purpose 

Set Work. — W ork which is repeated many times over or perpetually in 
the workshop Work which is a speciality, and which therefore is 
done more cheaply and bettor by firms which engage in it mostly or 
entirely, than by those who do work of a general character It is 
earned out by minute subdivision of labour, and piece work, and 
though cheap, tends to produce an inferior and one-sided class of work- 
men 

Shackle — A loop to which the end of a chain is attached The open ends 
of the loop are generally formed mto eyes through which a sustaining 
bolt or pin is passed 

Shackle Bolt — A bolt having a shackle formed at the end opposite to the 
nut. 

Shading. — The colouring or lining of drawings to give to parts the appear- 
ance due to relief, or to circular, sectional, and other fonns Working 
drawings are shaded but slightly, elaborate and complete shading being 
reserved for finished and for general drawings. Conventional modes 
of shading are adopted for various metals 

Shaft, — A spindle which revolves in bearings and carries pulleys or gear 
wheels for the transmission of power The principal strain to which 
shafts are subject is that of torsion (q v ), and the force of torsion is pro- 
portional to the cubes of their diameters 

Shaft Boss. — The larger boss of an engine crank which carries the crank 
shaft (q.v.) 

Shaft Coupling. — Sec Coupling, 

Shafting — A line or succession of shafts united with couplings and used 
for the carrying of pulleys for driving machinery 

Shafting Oil — Oil used especially for the lubrication of shafting 

Shaft Straightener. — A machine used for straightening shafts. It acts 
by the uniform and adjustable pressure of tliree rollers divided out 
equally m a circle, and between which the shaft is passed on to two 
larger rollers 

Shaft Tunnel — See Tunnel 

Shake. — A line of fracture in timber, the splitting being caused by the 
shrmking up of the fibres due to the desiccation or drymg up of 
the moisture 

Shank. — A hand foundry ladle is sustained by a shank, or rod bent round 
as a hoop to envelop the body of the ladle, and prolonged at one end and 
there bent downwards to fall over a cross bar, and forged at the 
opposite end mto a cross handle. Three or four men carry such a ladle, 
one at each end of the cross bar and one at the cross handle, or one ai 
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each end of the latter. By the leverage of the cross handle or cmtoh 
the metal is tipped mto the mould. Shank ladles hold from 1} to 3 
or 6 cwt of metal. (2) The stem or body of a cutting tool, as the 
shank of a drill, or the upper portion which enters into the chuck 
or the socket through whicn it receives its motion. It is tapered or 
parallel, round or square in section, according to the shape of the socket 
or chuck. 

Shank Ladle. — foundry ladle (see Ladle) suspended in the central loop 
of a horizontal handle or shank (q v ) 

Shaping. — The shaping of metal in a shaping ma6hine, though analogous 
to that of planing, differs therefrom both in the extent oi the surface 
operated upon, and in the outlines imparted thereto. The shapmg 
machme only operates on small areas, seldom over 12 in m length, 
commonly much less, also convex and concave cut surfaces can be 
shaped as readily as plain ones, the former by threading the work on an 
arbor under the tool, and imparting a slow rotatory movement to the 
arbor, the latter by using a tool holder having a worm and quadrant 
movement, by which the tool is caused to rotate slowly through an arc of 
a circle 

Shaping Machine. — A machine used for shaping metallic masses which 
are not sufficiently bulky to go into the planing machine The tool is 
carried on a rigid arm which moves m a horizontal direction, the length 
of whose stroke is capable of regulation by means of a connecting rod 
movable in a slot m the arm. Quick return (q v.) motion is given m 
the larger but not in the smaller machines Au angle plate is attached 
to the front of the machine and is movable vertically or transversely. 
Most machmes have a worm and wheel segment arrangement on the 
tool box for circular shapmg 

Sharpening.— The imparting of a fine edge to a cuttmg tool by abrasion 
or fretting on an oil stone. 

Shear. — (l)To cut with shears (q v ). (2) A bar is said to be in shear when 
it is subject to shearmg stress (q v ). 

Shearing —The act of cuttmg with shears. 

Shearing Machine. — A machme in which shears or shearing knives are 
work^ by power. Commonly the processes of punching and shearing 
are combing in one machme, the punchmg below, the shearing above, 
or in the larger machines at opposite ends Shearing machmes are 
employed in iron and steel manufactories and m boiler shops chiefl}^ 
for cuttmg off the rough edges of plates, or for cutting to precise 
dimensions Bars and angle irons are also cut, the length and shape 
of the kmves varying with the nature of the work The knives are 
placed at an angle with each other, the cut takmg place from one end 
towards the other like that of scissors 

Shearing Strength. — The strength necessary to shear iron is about equal 
to its tensile strength. 

Shearing Stress — The stress to which a body is subject when force is 
appli^ to it m a direction parallel with its section Its mean intensity 
is equal to the shearmg force divided by the area of the section 

Shearing Tools. — Tools which remove material by detrudmg action (q v.), 
or violent separation. They include shears and punches. 

Shear Legs, variously termed Sheer Poles, Shears, or Sheers — A rude 
but strong form of crane, having three legs or pillars set leamng at an 
angle towards each other for supporting the liftmg tackle. The gear 
wheels may be attached to one of the legs, or be fixed independentiy. 
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and T'nnd or steam power may be employed. Timber or iron are uaed 
*iii the construction of the legs. 

Shears, or Sheers. — (1) Knives used for severing sheet metal, bars, angles, 
&c., by shearing, or cutting parallel with the section They act 
by the opposition and pressure of the cutting edges, the faces being 
ground generally to an angle of from 80^ to 90° Sliears are worked 
by hand power for the thinner sheets, but for the thicker plates shearing 
machmes are used. (2) The term is often used to designate the bearers 
of a lathe bed (3) Shear legs (q v ) 

Shear Steel — Forged steel composed of bars of blistered steel laid side by 
side to form a bundle or fagot, and drawn down and welded under a 
hammer 

Sheave. — (1) A term applied to the eccentric body or to that part which is 
keyed directly on the shaft, to distinguish it from the eccentric straps 
(q.v )- (2) A sheave wheel 

Sheave Wheel, or Sheave, simply. — Awheel whose groove is made to re- 
ceive a chain or rope The section of the i im of the sheave may be a 
plain semi-circle, or veed, or a single groove, or a double groove, 
according to the work which the wheel has to do. 

Sheer Poles — See Shear Legs 

Sheers — See Shears 

Sheet Brass — Brass rolled into sheets and used for a variety of puijioscs, 
chiefly for ornament, covering steam domes, gauges, handi ailing, 
&c. It is either hard or soft, similarly to wire 

Sheet Copper. — Used by engineers for the making of steam pipes chiefly. 

Sheet Iron. — Strictly speaking, the thinnest iron which is rolled, as dis- 
tinguished from plates See Plate, Sheets 

Sheet Lead. — Used for making the joints of steam and water pipes 
Used also forhnmg up small patterns 

Sheet Tin. — Iron sheet, coated with tin It is used by engineers in the 
making of the lightest kinds of templets. 

Sheet Hetal Oange. — A gauge used for measuring the thicknesses of sheet 
metals It may be a micrometer cabper (q.v ) or a wire gauge (q v.), 
the former measuring in terms of the inch, the second by manufacturers’ 
numbers. 


Sheet Mills. — Rolling mills of light construction, used for the rolling of 
sheets (q v). 

Sheet Rubber.— Vulcaniscni india-rubber, insertion or plain, is made into 
sheets of large size for the convenience of being cut into washers, 
collars, &c , of any required dimensions It may be had in sheets of 
from 4 to 30 yards long, by 48 in m width, and from the 7 i\jth of an 
inch upwards m thickness Its usual thickness is from ^ to for 
ordmary work 

Sheets. — ^All plates of malleable iron below No 4BWG or 238m, are 
termed sheets, as distinguished from plates (q v ) 

Sheffield Files. — Sheffield is the great seat ot the file industry, the 
majonty of engineers’ files bemg made there For shapes and charac- 
teristics, see specific names 

Shell. — The shell of a boiler is the outer casing of all, enclosing fire box, 


water space, cross tubes, &c The shell of a cock is the outer envelope 
or casing through which the liquid passes on the turning of the plug 
(q.v.) 

heUae. — Shellac is produced by the agency of members of the family Coc- 
oidse, of the order Ehynchota or leaked insects. The true lac insect 
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(Coccus laced) is a native of Siam, Assam, Bengal, Burmah, and Malabar, 
The lac is produced by the agency of the females chiefly, who, once 
settled upon a twig of a tree — the trees frequented being species of 
Butea, Ficus, and Croton — never leave it, but suck up the resinous 
juices, feeding on and enveloping themsehes in them until they die, 
leaving their f'ggs enveloped in the secretion thus obtained, coloured 
with dye matter secreted from their own bodies. Generations of in- 
sects hatched from successive colonies of eggs live on the same branch 
until it becomes coated to the extent of half inch or more, when the 
twigs fire collected by the natives and subjected to various processes of 
boiling, kneading, and squeezing, by which the resin is obt uned in 
varying degrees of purity known as stick-lac, seed-lac, and shell -lac, 
the latter being the most free from colour, and most soluble in spirit, 
and that which is exclusively used in the mixing of v.irnish for foundry 
patterns 

Shellac Varnish. — This is made by simply dissolving shellac (q v ) in naph- 
tha, in meth vlated spuit, or in spiritsof wine, the former being the worst, 
th(‘ latt(‘r the best solution, but the second being that most generally 
employed The pioportions should consist of about two pounds to tho 
gallon, and ought to be mixed without the aid of artificial heat 
Shell Bit — A bit used for boring wood, whose section is a convex and 
concave curve, roughly though not exactly of a half circular form. Soo 
Nose Bit, Gf)ugc Iht 

Shell Plates. — The jdates of which boiler shells are composed 
Shell Reamer — See It earner 

Shield. — (1) A covi'iing employed to protect the hearings and spindles of 
ornery -grinding machines fiom the action of the gutty dust (2) A 
guard placed over or in front of band and circulai saws and poitions 
of machinery to protect tho workmen from accidents (3) The curved 
device or outline form(*d by the union of the body of a two-way cock 
with its branches, is often termed the shield 
Shifting Link. — A slot link (q v ) whose concavity lies towards the crank 
shaft, and which is lifted or lowered relatively to the link block or pin 
Originally known as Stephenson’s link motion 
Shingler. — The workman whoso task consists in shingling (q v ) puddled 
ball 

Shingling. — Tho process of hammering or rolling puddled ball m order to 
convert it into bar or sheet iron 

Shingling Hammer — Tlie hammer, either tilt or steam, by which the 
puddled ball is converted into a bloom 
Shingling Mill — Tho forge where the puddled ball is converted into 
malleable iron 

Shingling Tongs. — The tongs used in moving the puddled ball about 
under the tilt or steam hammer 

Shipping — The putting on of a belt over its pulley See Belt Shipper 
Shipping Measurement. — The mode of measurement adopted in the case 
of machinery which is received as cargo on board ship The measure- 
ment is taken over the extreme hmits of any piece of machinery. 
Hence projectmg portions should, where practicable, be removed for 
shipment, and stowed into as small an area as possible 
Ship Plates. — Plates of malleable iron, or mild steel of inferior material, 
or material imperfectly refined Their tensile strength is lower than 
that of other quahties of iron or steel, and the metal of which they are 
composed is not sufficiently homogeneous or reliable to render them 
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suitable for any but the commonest work. The hulls of iron ships are 
largely built of these, hence the name. 

Ship’s Hoist.— An engine and boiler attached to a carriage or truck 
running on wheels, used for the general and miscellaneous work where 
power is required on board ship. 

Ship’s Pump — A suction pump, varying in form, employed on ship 
board for general use, pumping bilge water, &c. 

Shook. — The jerk or reflux action produced in pumps and long pipes, being 
due to the reversal of the water pressure. Shook is lessened by the use 
of an air vessel (q v ) 

Shoe. — A cap or socket which receives the end of a piece of *imber, and 
which sustains the end pull of a truss rod (q v.) or takes the thrust of 
the legs of shears, or of roof principals, or carries a pivot or bearmg as 
in the pillars of wooden cranes, or acts in a general way as a piotection 
to timber ends, as in pile shoes. Shoes are commonly made of cast iron, 
but often wrought iron is used in their construction. The base plates 
which support the housmgs of rolling mills are also called shoes. 

8 Hooks. — lion hooks whose shape is roughly that of a letter S They 
are suspended from the bars of moulding boxes in most cases, to aid 
in binding together and supporting the body of sand which is enclosed 
by the sides of the boxes. The adhesion of the sand is assisted by 
dipping the hooks into clay water. 

Shooting. — The planing of the edges and ends of timber straight, with or 
without the aid of a shooting board (q v ) 

Shooting Board — A board used for planing or shooting the edges of 
timber square and straight. It consists of two pieces of wood screwed 
one on top of the other, the upper one being narrower than the lower 
by so much as will allow a sufficient breadth of bearing for the side 
of the trying plane on the margin of the lower one Iho stuff to 
bo planed is laid upon the upper board, and the side of the plane being 
laid upon the uncovered margin of the lower one, with the cutting iron 
towards the edge of the stuff, a shaving is removed as the workman 
pushes the plane forwards The advantage of the use of a board over 
that of the vice is that in the former the edges planed, assummg that 
both board and plane arc true, are not only straight, but stiuare also 
with the faces of the stuff. 

Shop Tools. — Numerous tools and appliances which are not provided by 
the workmen m departments, but by the film, for the common use of all. 
The term does not embrace machinery so much as minor articles, as 
standard rules, straight edges, surface plates, trestles, dies and die 
blocks, water cans, sieves, shovels, and scores of kmdred articles used by 
all, but owned only by the firm 

Shop Traveller. — An overhead travcllmg crane employed in the workshop 
under cover, and used for lifting about heavy masses to the machines, 

\ anous machined and finished parts for the erecjtors, ladles of metal or 
castings in the foundry, plates, girders, bars in the boiler shop, forgings 
in the smithy, &c Most shops are furnished with travellers in pre- 
ference to cranes See Overhead Traveller 

Short Columns. — A term applied to columns whose length exceeds their 
diameter by from three to five times that amount, and which yield 
to rupture by simple crushing only • 

Short Heat. — The making hot of a short length only of a bar of iron in a 
smith’s fire m order tliat the heated portion alone shall bo operated 
upcHii without incurring the risk of distortmg the adjacent portions. 
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The heat is localised by covering all but the portion to be heated with 
damp slack or small coal, or in some instances by enclosing in a matnx 
of damp clay . 

Short Link Chain.— See Close Link Chain. 

Shoulder. — That portion of a shaft, or of a stepped, or of a flanged 
structure where an immediate increase of diameter occurs. 

Shovel. — ^Broad light shovels are used m foundries for filling the moulding 
boxes with sand 
Shrinkage — See Contraction 
Shrinking Head —See Feeder 

Shrinkage Hole. — A depression or slightly hollowed space left in the face 
or in the body of a casting, due to imperfect feedmg See Feeder. 
Shrinkage holes are prevented by making feeders large enough to hold 
a supply of hot metal whose mass is sufidcient to prevent sohdificatiou 
taking place in the feed metal before the casting itself is set 
Shrinking On — The clasping of wheel tires around their centres, being 
first expanded by heat, and then allowed to tighten on the centres by 
virtue of their own shrinkage in cooling down. The amount allowed 
for shrinkage on a wheel of about 2 ft in diameter is barely j of an mch. 
Shroud. — (1) Aflangecastagainstthe ends of wheel teeth in order to mcrease 
their strength or to promote smoothness of motion. If cast up to the 
pitch line the wheels roll together on their pitch circles, and the term half 
shrouding is appbed to it If cast to the points of the teeth the pur- 
pose 18 to afford the maximum of strength, and this is termed full or 
whole shrouding Whole shrouding is beheved to increase the strength 
of wheel teeth by from 40 to 50 per cent (2) The circular flanges 
around the edges of a water wheel, between which the buckets extend 
Shrouded Wheel — A gear wheel provided with shrouds. A water wheel 
18 also a shrouded wheel. See Shroud 
Shrouding. — The castmg of shrouds on the ends of wheel teeth or of the 
buckets of water wheels See Shroud 

Shroud Laid Hope. — An ordinary rope formed of three strands twisted 
together These are stronger than cable laid ropes (q v ) and strongest 
of all when untarred or white 

Shutting — The shop term for the welding together of jomts in wrought 
iron or steel 

Shutting Link. — ^The union of the free ends of chains, either to each 
other or to other portions of work, as rmgs, hooks, &c , is effected by 
means of a shutting Imk, that is a link similar to the ordmary Link but 
about J in larger m the diameter of the u’on from which it is made, and 
frequently also a little longer , this mcrease m size is made to compen- 
sate for possible weakness due to any imperfection m the weld 
Side Chisel. — The chisel specially employed for wood turmng. The 
outtmg edge is ground obliquely m relation to the edges of the shank, and 
it 18 used purely as a cuttmg tool, seldom as a scraper, the cuttmg edge 
being placed approximately at a tangent to the work The acute angled 
comer of the chisel is also used for partmg or cutting off. The side 
chisel turns a remarkably clean and approximately plam surface, but is 
not suited for quick curves or for mouldmgs or ornamental work, or 
for work of large diameter. 

Side Bisoharge Valve — See Discharge Valve. 

Side Biecharge Wheel. — See* Turbine. 

Side Elevation, er Side View. — A view on a drawing which shows the 
side of a stmeture. 
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fide Frames. — ^The main frames, standards, or supports of cranes, engmes, 
pumps, &c., which carry the beanngs for the shafts. They are made 
both m cast and in wrought iron. Small side frames ore often csdiod 
cheeks. 

fide Hooks. — The coupling hooks of railway wagons, placed at the side of 
the draw hook. 

fide Lever Engine — manne engine m which motion is communicated 
from the side rods of the piston cross head to the connecting rods, by 
two levers centred nearly on a level with the base of the cylinder. 
Side lever engines are nearly obsolete, though in the earlv days of 
steam navigation they were much m request, and they have the advan- 
tage of mamtaining the moving parts nearly in equilibrium, so that 
there is httle difficulty m starting tliem The connecting rod bemg 
long, the oblique thrust on the crank is reduced to a minimum. But 
they lack compactness of form and are heavy 

Side Bake. — The rake (q v ) of a cutting tool which cuts sideways, to 
right or left as tho case may be. Such rake may be side top rake, or 
side bottom rake. See Top Rake, and Bottom Rake 

Side Bods.— (1) The rods conncctmg the cross head with the side levers 
of a side lever engme (q.v.). (2) Rods fulfilling the same purpose m 

one of tho old forms of table engme. 

Bide Tank. — See Tank Engine 

Side Tool. — A tool used by wood turners for finishing the inner and outer 
portions of work. Called a side tool because its cutting edge is ground 
to an angle with the axis of the tool m order to reach tho sides of tho 
work, or those which stand approximately at nght angles with 
the tool rest. 

Side Top Bake —See Top Rake. 

Side View. — See Side Elevation. 

Side Winch. — A hght hoistmg winch furnished with a flange for attach- 
ment to any convenient export, as the side of a wall or beam. 

Siemens-Haitin Process — The process of manufacture of mild steel by 
the fusing together of pig iron and scrap steel m a reveiberatory fur- 
nace, in which the pig is decaibuiised, the necessary amount of carbon 
bemg added af ter\\^ard8 by spiegeleisen or by ferro-manganese. The cast 
iron IS rendered fluid, before the scrap steel rendered white hot m 
another part of the furnace, is allowed to mmgle with it. It is one of 
the open hearth processes, and is also termed the pig and scrap process. 

Siemens Process. — The method ot manufacture of steel by the fusing 
together of pig iron and iron ore and scrap steel, the spiegeleisen or 
ferro-manganese, or a mixture of both, bemg added afterwards. Hm- 
matite pig iron and steel scrap, m the proportion of about thirty of the 
former to seventy of the latt^, are first melted, and haematite ore 
added after fusion. Spiegel, or ferro-manganese, or both, are added 
as the metal is bemg tapped into the ladle, to afford the necessary 
recarburisation. It is not necessary that scrap steel should be added 
except as a convenient mode of usmg up odd ends. It is one of the 
open hearth processes, and is also called the pig and ore process. 

Sieve. — Sieves of different meshes are used in found^work for the pur- 
pose of siftmg the sands required for moulding. They are termed 
1 ^, &c., according to the sizes of mesh. A sieve proper ranges from J in. 
downwards, or feom 8 to 18 mesh. Brass moulders’ sieves range from 
8 to 36 mesh. See Riddle. 

fight Feed Lubricator. — A lubricator (q.v.) in which the flowing or non* 
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flowing of the oil is always apparent at sight, being enclosed in, ox 
having to pass through a glass vessel, 

Sight Holes.— Holes in the sides of a reverberatory, or blast furnace, or of 
a cupola, or of a hot blast stove, through which the attendants note 
the process of melting operations 

Signs. — The arithmetical and algebraical symbols used in mathematical 
calculations, and expressive of the operations denoted thereby. 

Silent Feed. — A piece of mechanism by which the logs are fed forward to 
the saw m deal and timber frames It is used in preference to the 
rachet and click by reason of its freedom from noise It consists of an 
adaptation of a nippmg lever (q v.) earned at the end of a radial arm, 
whose length can be varied to suit different amounts of feed. In 
Worssam’s silent feed, which is that chiefly used, the nippmg lever 
18 dis^ised by being modified mto a cam-hke piece formmg an arc 
of a circle, whose centre is set eccentncally to its periphery 

Silica.— The oxide of silicon, symbol Si Oj A refractory substance 
which, in combmation with etiier elements, is extremely useful to the 
metallurgist. In combination with alumina and water it forms the 
fire clays of crucibles The fire bncks of Bessemer converters contain 
about 90 per cent of silica, while ganister is composed largely of it. 
Natural siliceous stones are used for the hearths of blast furnaces. 
See Silicon. 

Silica Bricks —Fire bncks whoso mam constituent is silica (q v ). The 
rock which furnishes their constituent sihca is ground, crushed, and 
nuxed with lime and water, then moulded and burnt. Silica bncks 
expand in burning to the extent of J inch in 9 mches. They are 
used for the roofs of funiaeos, being set in silica cement. Tliey are 
unsmtablo for those hearths and other furnace Imings where they would 
come in contact with metallic oxides For these situations aluminous 
bricks (q v ) are employed 

Silicate Cloth — An incombustible silicious cloth used as a non-conducting 
coating for steam boilers 

Silicate Cotton.— Sec Slag Wool. 

Silicate Paint.— A protective coating for iron work whose bases are 
sihcious. It resists the action of acids and of salt water better than the 
ordinary paint. 

Silicious Iron. — Iron which contains sihcon in combmation m quantity. 
Silicon makes iron hard and brittle, and therefore by diminishing its 
toughness impairs the property which renders it most valuable for the 
chiei purposes for which it is required. But the effect of the silicon 
depends largely on the proportion of carbon present, a dimmution in 
the percentage of the latter depnvmg the silicious iron of much of its 
brittleness. The influence of silicon is analogous to that of carbon. 
It is believed to exist both m the combined and uiu ombmed condition. 
Hot blast pig contains more silicon than cold blast It is produce! by 

the workmg of poor ores and light burdens See Blazed Pig. 

Silicious iron possesses both cold shortness (q v ) and red shortness (q v ). 

Silicious Sand.— Sand composed mainly of silica, used mstead of lime for 
settmg silica bricks (q.v ), and also for mixmg with fire clay for the 
manufacture of fire-bneks, and for the bottoms of hearths of furnaces. 

Silicious Steel. — Tins is harder tlian the ordinary mild steel, but has red 
shortness (q v ), and is therefore unsuitable for plates and bats, though 
useful for some kinds of castmgs 

Silicon.— Symbol Si. Comb, weight 28. Is, next to oxygen, the most 
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abundant element in nature, occurring in combination with oxygen as 
Bilica (q V ) m rocks and sands, and in combination with metals as 
metallic silicates Pure silicon is extremely hard Its presence m iron 
or steel is one of the chief factors affecting their qualities of hardness 
and brittleness, both during the opeiation of smeltmg or refinmg, and 
as a permanent constituent It is pre«ient to the extent of 4 per cent, 
in some soft grey pig irons, but usually below 2 per cent 
Silky Fibre. — Wlien the bending uf wrought iron or steel develops a 
smooth homogeneous and shining hbre, it is said to be silky 
Silver Grain — Tho medullary rnys in timber which radiate from the 
heart to the bark The position of th<' silver giain is of importance as 
affecting the shimkag^, i\hieh takes place chu'fly in a direction trans- 
vcrs(dy to tho course ot its rays 

Similar Beams — Beams, whuh though differing m dimensions, are so 
proportioned that then relative ratios of strength aiethe same 
Simple Machines. — Tin' mei hani(‘al powi'rs in their elementary forms, as 
a single lever, or a single ^vheel .in<l axle, &c 
Simple Train — A tram ot change wli eels for screw cutting in which there 
is only one mtermcdiai v or stud wheel used All coarse pitches, or, say, 
any of less than (‘ight to the inch, can bo cut with a single tram. See 
Compound Train 

Simply Divided Scale. — A geneno term used mcn'ly to distinguish 
oidinary equally duided drawing scales from diagonal scales (q v ) 
and vernier S( al('S 
Sin. — The sim* of an angle 

Sines, Line of — S( ( tonal lines (see Sector) by which the lengths of sines 
and tangents, and si'cants to a given radius, can be obi aim'd by simple 
measurement To obtiin sines, open the sector uni il the tiansverso 
distance of 00 and 00 on the sines is equal to the given i.idms, th('n the 
transverse distance me.isuTC'd on the numbers wlm h correspond with the 
d('greos and minuti's \m 11 give the sines The sann* o])('iation jier- 
foiim'd on tlu* lines of tang( nts oj-x m'd to 1 1 and ^5 will .ilso give t<in- 
gents To obtain tlie secant, let the radius be takem at 0 and 0 at the 
beginning of lice line ot secants, and tluai take tho tiansviTso distance 
as rccpiiied Conv ei sc ly, to chtain the* radius from thc' Icaigth, inako 
the b nglh gn on a liansvc'ise disi.inee in dc'grcs'S and minutes on its 
proper s< ah' Then in thc* case of a sum the* transvc*rse distaiicai of 90 
and 00 on the sims will he* tlic radius If a tangent under 4.5 
and 4.5 on the l.ingcuts , if a tangent over 45°, 4 > and 45 on thc upper 
tangc'Tiis, if a st c .cut, 0 and 0 on thc sf'C’ants 
Single-acting - Signibos gcmially a prime mover, or macliino in which 
the motiM* powder IS applusl in one direction only, the motion in tho 
opposite diic'ction being effected by momentum or other extraneous 
form of power 

Single-acting Engine — An engine in which tho steam acts only against 
the under side ol tho piston, the weight of thc' atmosphere pressing it 
down again, against the vacuum produced hy the eondc'iisatiori of tho 
spent steam Such c iigines are now out of date, though long used for 
pumping in tho mines Tlic'y were also called atmospheric engines 
Engines of smgle-actmg type are used for steam hammers and also 
for some forms of three -cylinder engines. 

Single-acting Piston. — A piston which is in contact with the fluid upon 
which it acts on one side only, usually termed a plunger (q v ) 
Single-acting Fnmp. — A pump which delivers liquid at each alternate 

Y 
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stroke only, one stroke being* spent in drawing or lifting the liquid into 
the pump, the other in delivering it 

Single Belting. — A belt formed of a single thiekness only of leather. 
This thickness vanes fiom to ^ of an inch. Single belting la 
employed for light and moderatt‘ly light work. For the heaviest 
dnvmg, double belting (q v ) is used 
Single Butt Strip. — -A single co\t‘img strip uniting a butt-riveted 
joint Joints made thus are much weaker than those havmg double 
butt strips (q v ) 

Single Cut File. — A float cut (q v.) file 

Single Cutting Drill. — A dull which is giound to cut m one direction 
only, usually right-handed The inap)iity of dulls and dnll-like tools, 
and bits for boiing wood nre single ( utting 
Single Cylinder Engine — An engine having one steam cylinder only 
Its action without the assistance of a fly wheel to c airy it over dead 
centres (q v ) would be ■)(‘ilvy and iinr eitain 
Single Disc Valve. — Ad]H(-shap(d ping which is in contact with 
a seating on one tat o only. It is not so tight as tlie double disc \ahe 
(q V ) 

Single-ended Boiler.— A niaiine boiha flredfiom one end only 
Single-ended Machine — Attam applied to thosi' pumhing Jind shearing 
machiiK'S wheie one puncli oi one .slu ai only c. in bt^ in operation at 
one time 

Single Fished Joint. — A tisl od |oint h.iMiig a smuh' flsh platt* or covciing 
strip only, as distinauishi d tiom .i double iislud joint (tj v ). 

Single Flue Boiler — S<‘e (loinidi IJodti. 

Single Gear.- (b .ir conipiising one jiinion and one wheil only in com- 
bination, loi thf' gaining ot jiowt'i ^tn' Doiibli' Gt'ai 
Single Geared — 'When the iiMnditlot a lalht' oi the qundle of .q mathino 
Is dintn diittlly by a jtulhy hivt'd iqion it, and has thcietoit' no back 
goal , it IS s:i id to be singU' ui >n ed 

Single Grease Cup. — A gie.iscMup having one code only, hading diiect 
into thi'(\luulei or .stc.im du'st 

Single Purchase. — Gear toi biting or othc'r pin poses in whit h one pinion 
and one wheel only, Ili.it is a single geai, aio (.ng.iged Tho 
velocity rat los are then iiiM'isely as the radii 
Single Rail Crane — A Imht woikshojx nine wlndi inns on a single rail 
t'mbedded m the flooi It is m.iintained in a Mitital position by 
means ot whecds runimig on channel non hung lioiu oi attached to 
the roof 

Single Reading Scale — A se.ile (c| v ) uschI for di awing purposes in 
whicdi one juiniaiv cIimmou only is subduich d 
Single Riveting - When IIk'k* is onehne cuilv of incts ni lap joints, or 
two m butt joints, this is called single* n\c‘t inn, to clistiimuish it from 
tw^o liiu's in the loimei ease, and four in the lattcT, or double iiveting 
Singles — Shc’ct non plates used for tinning, whoso thickness ranges 
between No 4 ( ‘2118 m ) .md No 20 ( 3,3 in ) B W G 
Single Shear. — A teiiu ajiplud to the strains upon rivets, a nvet wdneh 
unites a lap or a butt joint with a smtrle fish plate only, can be shorn 
across in but one section, and is theietore weaker than a rivet in 
double shear (q v ) 

Single Stroke — One stroke of a piston, taken either backwards or for- 
wards. Used m opposition to double stroke (q v.) and employed in 
calculations relating to engine power 



MECHANICAL ENGINEERING. 


3*3 


Single-threaded Screw — A screw consisting of one helix only winding 
around the body. Ordinary wood screws are always single threaded, 
as are also attachment screws, and set screws 
Single Train — A simple traui fq v ) or single gear (q v ) 

Single-wehbed Girder. — A built-up flanged girder whose flanges are 
connected by a smgle vortical web only The tcnn would apply both 
to a plated and to a lattice girder having a single "w ob 
Sinking Engines. — Stationary or semi-portable engines, used for sinking 
or excavating the shafts of mines 

Sinking Pump — A pump used for clearing the water from foundations, 
docks, mines, &c The actual pump eonsnsts of two suction barrels 
whose pistons are worked alternately with a bob lever, either by hand or 
power, the barrels being sunk to the necessary depth, or about twenty 
feet from the suifaco ut the water to be pumped, by means of telescope 
pipes Similar jiipes connect the bairels with the suction below. 
Another form consists of a stcarn pump self-contained, slung with 
chains and so siink into deep wells and mines for pumping to any 
lequired depth. 

Siphon Oil Cup — See Syphon Lubricator 

Sixteenth Bend — A jupc bend which makes an arc of 22j°, and which 
therefore connects j)ipes -whose amount of divergence is comparatively 
slight 

Skeleton Girder — An open -webbed girder, or lattice girder (q v ) 
Skeleton Pattern — An open frame pattern, that is, one wliiehis not pre- 
c,sf ly hke Its existing, but whose outlines or hounding odgc's alone are 
guen In a sk( h ton paibTii the central portions are either stnckled 
oi scraped out, oi aie (*oied or made up ni some othei way by the 
moulder The reason of their employment is the saving of cost m the 
])attern mikiiig These are only adopted in tiamcd and plain work 
Skelp.— -A stiip <>t wrought non which is bent pri'paiatory to its being 
weld< d into a pip< 

Sketch — Sf‘c Hand Sketch 

Sketch Book —A book ot hcmi-transpnrcnt prepared tissue paper, used in 
diawuig offices, inwhuh is picserved .i coj>y or print of each hand 
skth h (q V ) s('nt out into the shops The sketclies being made in copy- 
ing ink are punted on the prepared papoi sunilarly to letters, by first 
damping the j»apor, jdicmg the sketch between the leaves, preserving 
the ad]a(Out leaves flora contact with oiled sheets, and squeezing the 
book in th(' ‘Oiew press for a moment or two , in tins way a permanent 
record is keyd of all hand sketches hoAvever small, and the book is to the 
sketches, what the tracings aie to the shop dia wings 
Sketch Paper. — Foolscap pajicr having faint hues ci ossing at right angles, 
producing squares ot 1 inch, each divided into eight equal parts Used 
for proportional drawing or skekhiug 
Skew — Obhque, not at aright angle. Work is said to he askew when it 
18 out of square, or when it is at-wist. 

Skew Back Saw — A band saw whose back is curved inwards in order to 
lighten its weight without diminishing its stiffness 
Skew Bevels. — Bevel wheels (q v.) whoso axes are not m the same plane 
and which consequently would not meet if prolonged. 

Skewers, or Wires — Pieces of iron wire from 3 to 6 inches in length, 
pointed at one end, and turned round into a loop at the other, and em- 
ployed for the temporary holding of loose pieces (q v.) m the foundry 
j^*d. The turned round eye is for the insertion of the -workman’s 
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finger, in order to effect the withdrawal of the wire from the pattern 
after it is partially rammed up. Wire nails or wrought brads are some- 
times used, but are not so convenient as skewers with eyes. The diameter 
of the wire from which skewers are made varies from ^ m. to m., J in, 
being the most generally suitable. 

Skew Rebate Plane. — A rebate plane in which the cutting iron is set 
obliquely to the sides of the stock, instead of at right angles. It cuts 
with less ebattor, and sweeter than the square -mouthed plane. 

Skid — See Sbidding 

Skidding — The 8ii])ping of a wheel along its rail Awheel skids through 
lack of adhesive oi through the brake power being insufficient 

to overcome the momi'iitum of the moving mass 
Skimmer. — (1) A lenglh of i('( 1 angular iron bai which is held across the 
mouth of a foiindiy ladh' while the metal is being poured, to bay back 
scoiije and foreign m.ittcis which float on the toji, and which if not 
skimmed would run into the mould (2) The call name of the boy whoso 
duty IS to hold the skiinmtr across the ladle 
Skimming. — The baying bark of the s( orix' or dross, which floats upon 
th(' ^,u^face of molten metal, iron, or brass, and which is thereby jire- 
\entt d fiom running into the mould to th(‘ di'tiiTnent of the easting 
Skimming Chamber, or Skimming Gate — A chamber \\hoso function is 
till' Hcjiaration of the dross or.sullago from the metal in a foundry mould. 
It owes its utility to the ])rinciple of eintiifugal force, and usually con- 
sists of a globular, or sometimes of a dis( oid (Mvity placed in tho 
(‘ourse of the running metal betw('en the pouring gate and tho mould. 
Tlu' iiK'tal IS run into it on one side and m'cessaiily assumes a wliiiling 
motion wliuh thiows the scum to the (cntio and the liea\i(T iion to- 
waids th(‘ ciicuinii n nc(', y In k' it ])asses through a gate or sprue (q v ) 
into the mould i\ll yoik yhidilias to bo planed or fumed bright all 
ovei is 1 un with a skimming ( hamlxT, or, as it is sometimes termed, run 
w’lth i b ill, oi mil w itli a disc 
Skimming Gate. — Si'C Skimming Chamber. 

Skin.— A ti'iin used to df'iiote the thin film of hard metal which exists on 
lh(' suif.ice of a (\isting or foigiiig, owing to the chilling or hardening 
of those suif L( es against the sand, or in contact wuth the air, or with 
cold lion (lulls It IS so li ird that when tinning, or jihining, the first 
cut tiki'ii must 1)0 sutlKK'ntlv d(^ep to xuiice helow the skin, while if it 
has to be filed the skin must be first removed by gi Hiding, or by chip- 
])iim, oi by iisino a iilo nearly worn out, to save the new one 
Skin Deep. — See Skin 

Skin Drying. — The diying of the surface of a green sand mould previous 
to closing it foi th(‘ x>ouiing m of tho metal Skin drjung effects the 
removal of a poition of the moistuie and diminislu's the risk of a blown 
or a scabbed (.istiiig It is effinted with a dcMl ((^ v.) oi with an open 
tray containing binning chaicoal or coke 
Skip — A ciiculai or rectangular shaped open vessel used for tipping 
lubbish, concrete, ballast, coal, &c , wdiero desired Skips are either 
turn-over skips or tipping buckets, that is, they swuvel on trunnions, 
and throw the conttmts out at the top, or are drop bottom skips, m 
which the bottom opens downwards on the unfastemng of a catch. 
Skulls.— See Sculls. 

Slab. — ( 1 ) A flat rectangular block of wrought iron or steel, used for 
piling or budding up heavy forgings, or for rollmg plates Slabs of 
malleable iron are prepared from the puddhng furnaces, or are piled 
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from scrap, slabs of mild steel are drawn down under the steam ham- 
mer from the ing-ot (2) The outer hoaids cut from lo<^s of adzed 
timber are called slabs, and are useful for the outsides of core boxes, 
turn-over boards, and similar loupch woik 

Slabbing* — The drawmg* down of steel ingots into slabs under the steam 
hammer 

Slack. — (1) Small coal used in engine fires See Small Coal. (2) The 
dust and burnt out rubbish fiom a sniitli’s fue. 

Slack Cham —The loop of chain wIik h li.ines lu'low the jiulley blocks in 
lifting tackle, and vludi dimiiii^-lies m amount wditn a load is being 
lowi'red 

Slack Fit — A fit is said to be slack when the p 11 1^ iii contact ha\c moro 
fieedom of play thin is suffii tent or desuable foi tlicir free and easy 
movenunt The ttiiu is 1 dative, heeause what would bo a slack fit in 
some portion^ of a macbino would bo too tpubt a fit m another Ses 
hind Play, Sliding h^it A sl.uk fit 111 many easi's would more propeily 
mean ali.idfit, as in tin' ease of the fitting of shafting lutowlu'el bosses, 
which niiist nccessaiily be tigbtei than the lilting of the same shafting 
into its hearings 

Slacking. — Si'c Sl.ukmg Paek 

Slacking Back. — \ nut is said to slacken haek wlu'ii it woiks loose 
from its tliiead owing* to th(' iiitluem c ol const nit vjbialioii The nuts 
of engiiK and mac hiue parts aie thus apt to slac ken haek, necessitating 
the intioductum of lock nuts (q v ) 

Slacking Down. — The damping down of eugine files to prevent or 
diTUinisli the gcrioratiou of steam for a season 

Slacking Off — A shop ieim df noting the tenipciiug (q v ) of steel tools, 
as taps, chisels, and turning tools. 

Slackness —PI ly (q v ) 

Slack Side. — TJiat side of a diivuig bdt winch is loweimost Called also 
the Pollow lug Half 

Slag. — Slag IS a bye product of blast furnaces, cupolas, and melting 
furnaces geneially As leliting to the iron manufacture, it consists of 
earthy and infusible m.ittei s]>rescnt m the o^'c, and whifh are ffuvod off 
by being brought into conta<T with ch'mcnts for which thi'y have a 
natural aflinity The slags formed m the non tiunaees aie ('ssentially 
silicates, that is, the basis ot tlu ir composition is sihra, but alumina 
lime, magnesia, and many other elements enter into the composition of 
furnace slags 

Slagging — The tapping out of the slag from a cupola It napiirr's to be 
done several times in the couise of a juolongod blow, I0 relio\*o tlio iron 
of its impurities, and to prevent the loss of heat which the presence of 
slag in quantity occasions Tlio better the quality of iron the less 
slagging out IS required With inferior and burnt non the slag liolo is 
allowed to run nearly all the time the melting is going on P*y ludi- 
cions slagging, one quarter to one half more metal can bo melted in a 
given time in a cupola than could be done if it were neglected 

Slag Hole — The hole m a blast furnace or cupola through which the 
slag IS discharged In a blast furnace it is situated in the low*ci part 
of the crucible. In a cupola it is situated in the breast iilate 
(<1 '^ )• 

Slag Wool. — Used as a coating for steam boilers and steam pipes. It is 
prepared by directing a jet of steam against the molten slag as it issues 
from the furnace. Sometimes termed sihcate cotton. 
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Blake Trough. —The vessel which contains the water attached to a smith’i 
forge for coohng or quenching hot metals. 

Slaking. — Sleeking (q.v.). 

Bleaker. — A sleeker (q v.). 

Sledge. — See Sledge Hammer. 

Sledge Hammer, or Sledge, simply. — The hammer swung by the smith’s 
striker. It is a hro.id, tiat-paned, double-ended hammer, weighing 
from 5 to 14 lbs., and is hfted up hand (q v ) for the lightest blows, or 
about sledge (q v j for the heaviest. 

Bleekers, or Smoothers — Moulders’ tools, made in various forms and 
used for snioothing and hnisLing the surfaces of sand moulds See 
Bead, Egg, and Square-coiiicr Slcekers Variously spelt Slakers, 
bleakers, and Slickers. 

Sleeking, or Slaking, or Slicking. — Sinootliing over the surface of a 
foundry mould with tools sp(‘( lally adapted for the purpose Bioad 
flat surfaces are sleeked witli tlie tiowfl, but where tli.it tails to enter 
proper sleekers (q v ) are used All oxceiit the roughest moulds aie 
sleeked both h('foro and after hlaekening 

Sleepers — (1) Balks of timbei of rectangular section, used as the foiiuda- 
tionsof the rails tonniiigpermanoiitway bleepers aie either longitudinal, 
or cioss sleepers, jk eoiding as tliej lun (.ontinuoudy with the rails, or 
transversdy Cioss sleepers are hud utkU'I m ath the longitudinal 
ones The (hails aie attac lu'd to the s1('('p('is 3)ant/ic orMunel lir 
IS tho iriatei lal ( onimonly emplo 3 'ed, 'which is usually creosoted or 
otherwise ])r('seived tioiii the weather Iron slia'jars ar(' sometimes 
used m foreign C(.niiitnes Timber sleepiis arc ^alu.lble by K'ason of 
their elasticity Cast-iron sh'epeis are pot slec'pc'is, elliptical in jdan 
and dome-shaped m elevation, and the chair and sleepcT are a suigle 
casting Wi ought ircui has also been usc'd toi shojxas, both in the 
pot form and also having the eliair and slec'pcT indcpendcait ot one 
aiiotliei, and held togetlu'i vvitli bolts Iron slcepeis an' aciv ant.igeoiis 
111 hot countiic'S iiiles(<'d by white ants and otlu'i cbstiiu'tive iiisc'c ts 
(2) Tho timber imbedded in or laid on the ground to fonii the iound.i- 
tions foi derrick cranes, and to which the guys are fastened 

Sleeve. — A hollow cylinder or quill (q v ) 

Sleeve Bearing — An unjomted bcaiing which is unusually long in pio- 
portion to its diaiiu'ter 

Sleeve Screw.— An external screw whose cylindc^r is hollow throughout 
Examples occur in the feed sc K'w^s of some dulling' machines 

Sleeve Wheel — A wheel on which is cast a long hollow boss, the bo^s 
being made hollow to fit ovci and slide along a shaft Examples occur 
m tho hevel wheels w Inch slide along the levolving gaiitiy shafts of 
overhead travelling cnines, and thiough wluch motion is conveyed to 
the crab in whatever p.iit of the gantiy it may happen to be situated 

Slewing — The act of turiimg round, or revolving on a centre Applied 
to the cucular movements of cranes and other revolving machmes 
This IS performed in hand cranes with a pair of hevel wdieels actuated 
by a wmch handle, giving motion to a small pinion gearing into a curb 
ring, or rmg of cogs In steam cranes tho motive powder is transmitted 
to the curb ring through movable friction crutches, generally placed on 
the engine shaft. 

Slewing Bracket. — A bracket, or bearing, which carries the spmdle ol 
the cog wheel used for slewing cranes 

Slewing Gear. — The gear by which the slewmg motion of a travellmg 
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crane is actuated, consisting usually of friction cones actuating a 
vertical shaft which revolves a pinion in a curb ring on tho truck 

Slice, or Slice Bar. — A firing tool, being a flat thin expansion only, at 
the end of a long bar, and used for breaking up and separating tho 
clinkers on a furnace health Sec Clinkeiing. 

Slice Bar. — A slice (q v.). 

Slicker. — A sleeker 

Slicking — Sec Sleeking 

Slide.— A teim whieh siirnifies in a general wny anv piece of mechanism 
which moves in a re( ti linear direction ov('i a flat or curved face, for 
the purpose of opening and shnlting oft commiimention with ceitain 
ohainbers or passage's, or which becomes a guide or steady to some 
other piece of mechanism 

Slide Bars, or Guide Bars. — Tho bars by which the fiee end of a piston is 
constiained to move in a stiaight line tliroiigli th(' medium of slide 
blo( ks (q V ) The blocks move between the slide bais and aio attai hi'd 
to the ciosshead ((^ v ) of the ]nston Slide bins have flat, or e^liiidiical 
faces Soinetinn'S termed motion bais 

Slide Blocks — The blocks attached to tin' ciosshead (q v ) of an engine or 
pump, whuh, moving between and along the slide bars (<i v ), main- 
tain tho piston lod truly reetilincar Also teimed guide blocks, slipper 
blocks, slippeis, motion bloeks 

Slide Case — Tlio old-fashioned steam fhi'st aflixed to an engine cyhnder, 
within which woikcd the long Q valve now ohsoh'te The operimga of 
the polls being lu'ar tlu' ends of tlu' cvlindei, and tho\al\o bi'iiig single 
only, a case or < h< st, ncarlyoqu.il in lengili to that of the cylinder 
itself, was cinplo\ < d to cov(*i them o\<.i, lieiK e the teim 

Slide Lathe — A slide rr st Lithe (q v ). 

Slide Principle - -The slide piuKiph is omhodudmth.it constnu tion m 
which adi.uent ])l,ites aic so fitt('(l one to the other with guiding strips 
that they enn mo\c in one diu'dion only, over (aieh other. It has its 
applu .ition in .ilinost all kinds oi modi ni machine tools 

Slide Rest.- A Litlu rest designed for autom.itic or sdf-.acting turning 
and sen w' ( lifting It coinists esa.ntially of a s.iddlc, htted cither to 
the veo’cl edges ot tlu' Lithe bid, or hetwa on tho hi'niers, and of two 
slides inoMiig on \cc’d edges, one for sliding, tlie other for suidacing 
A circular swi\('lliim motion is .ilso iibiially provide cl for angular 
turning The slides aie moved by hand scicws, and the' saddle is either 
worked by li iiid or powci with i.ie k and pinion movement, or through 
the intcive iitiem of the le.ieling .se n \v (ej v ) 

Slide Rest Lathe, or Slide Lathe. — A l.itlie for med.)! turning furnished 
with a slide rest. In tho huger lathes tlie slide rest is an mtegial 
portion of the lathe, without which no turning is done , in the smaller 
Lathes it forms an att.udime'iit only for automatic turning, being 
lernoveel for the accomplishmc’nt of hand turning also. 

Slide Rod — A slide valve spindle fej v ) 

Slide Rule. — A rule provided with logarithmic numbers arianged on a 
sliding scale, who'^o graduations are so arranged relatively to other 
similar graduations upon tho body of tho rule, that when a certain 
number upon the scale is made to correspond with a certain number 
upon the rule, a definite product or fraction is obtamed without the 
labour of calculation 

Slides — Tho edges and faces of machme parts which carry and form tha 
guides of rectilmeally moving parts. See Adjustment Strips. 
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Slide Valve — Any valve whose motion is that of sliding’, as opposed te 
rotating or lift valves. The term is usually understood to refer 
specially to the valves of steam and gas engines of the ordinary type 
(not Corliss or lift valves) These are usually of the Q shape, hut 
may he single, double, or treble ported They are also mam slide, or 
cut off expansion valves Tlioy may be provided with lap or not, all 
of which teims are explained under their own headings See also 
Equilihiinm Valve, Travel, Setting of Valves 

Slide Valve Diagram —See Valve Diagram 

Slide Valve Spindle, or Slide Rod ^ — 'riie rod of a slide valve through 
which motion is eominiinieati'd from th(' eceontiK to the valve, with or 
without the Intel vf 111 ion of a slot link It is .ittadied to the valve 
either with a brass “f -headisl nut, oi is hooped to embiace it, or is set 
with nuts Jit eath I'lid of the vilvi* 

Sliding. — Sliding denotes the longitudinal tr<iverseof a slide rest, that is 
its motion lengthwav'S on tin* Led See Siirfaniig 

Sliding Blocks — (I) Tho blocks whn’h slide acioss the slotted cross head 
of a htc'ani ]nim]) (2) Any blocks whose motion is that of a sliding 
cliarac ter aie slide l)]o( ks 

Sliding Contact — Tlie eommnnieation of motion by means of cams, 
S(i('WH, woims, and worm wla’ds 

Sliding Fit - AVIk'h sin l.na’s < v lindii< al or ])lain move one' over tho other 
fri'i'lv, yet wnthont pei( ('ptibli' slackius^, the' ht is so dt signated Tho 
ditieieiKe ot l-10,()()0lh ])ait ol .in indi in diametci will make tho 
difl'eienee he'tw’oi'ii a sliding .nid a slack lit 

Sliding Friction - 'hlie fiulion wliidiis sd up between tvv'o siiihiees in 
contae t Its amount is ind<‘j>end( nt ot the aiea, so that the laigei tlio 
area the less IIk' ani(unit]H‘i unit ot sin lace* 

Sliding Pipe - A sin (ion oi deliveiypipi' foi a puirq’), made adjustable 
f(»r length wilh a joint similai to an exjiansion joint (q v ) 

Sliding Pulley - A guuh' jiulhylcu .iiojk* oi di.iiii whidi is not con- 
fined ('udw.ivs on ils sh.itt, hni vvlndi, wlnli lev’olving, ran at the 
same tniK' slide tioin sub' to side' along the' shaft to aee’ommodate its 
position to that ot llu' io]>e oi di.nn as the lattei is waiund eir unwound 
towairds one end oi the otliei of its luiiel. Instances oeeui on the jibs 
of ciaiK's. 

Slimes. — The deposits of tin ore left m the washing reserreiirs after the 
process of stamping (q v ) and suhside*nce is complete The slimes are 
subjected to a fmtlie'i pioee*ss eif w ashing previous to calcination 

Sling — A rope, or ehain, or clip passed around a load for the purpose of 
lifting and moving it about 

Sling Chain.- Au oidmaiy piece or a bight of chain used for encirchng 
heavy woik for tlie puipose of hftmg about, the crane hook being 
inserted into a lap of tlie chain 

Slinging. — The securing of hcav^ masses of material in the ropes or 
chains of cranes or of pulley blocks while being hoisted about. The 
methods of slmgmg vary with the shape of the body which is bemg 
lifted. 

Slinging Rings. — Rings attached to the top of a portable engine boiler 
by means of straps riveted to the boiler shell, and used for liftmg the 
boiler hv. 

Sling Rods — The rods or stays by which a locomotive boiler is attached 
to tlie frammg 

Sling Stays. — Slings used for attachmg girder stays (q.v.) to the crown 
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of the outer fire box shell in locomotive and portable boilers The 
sling stays are attached to angle or X irons 
Slip. — The sliding of riveted joints one over the other to such an extent 
as to be visible See also Gouge Shp, Slip of a Screw 
Slip Jaws — Temporary facings dovetailed on the gripping portions of 
the jaws of lathe chucks 

Slip Knot. — A knot which allows the rope to glide thiougli it and to 
become taut. It is uscmI in slinging (q v ) 

Slip of a Screw. — The ditleienee between the tlieoretu'al pi'rformance of 
a ship’s screw siqipusiiig it imued 111 an unyielding medium, and the 
actual performaiu e, the a U'iding naturi' ot tliewatei being taken into 
account The slip ot a piopilhi is always given as so miKih per cent 
on the distance as calculated fioin the woiking of the engine 
Slipper — A slide block (q v ) 

Slipper Block — A slide block (cj \ ) 

Slipper Brake. — A lorm ot brabc^ whicli consists of iron bloc.ks so attached 
to a tiiick by an .11 rangc'inent ot senews and levels that they can bo 
thiust tore ibly down on the lails uhen it is desned to ariest the motion 
of a wagon 01 tiain It is thus the leverse of the method commonly 
employed, of br.ibing the wheels themselves 
Slipper Guides.— Slide bus (cj v ) 

Slippery Iron — A mixtuie ot cast iron sju'cnally piepared for engine 
cylinders, cjlindci liners, slide bloc Is, and moving Huil.icew gcaioiallv 
It IS tough and modciatcly haid, and its slippeiiness of surface is 
obtained by using a manganilc'ious biaiid of uon, the manganese being 
piesent to the amount ot 1 01 pel cent 
Slipping Load. — Atc^im sometime s used to dc*note the load necessary to 
pioduco slip in rncted jilates fcJee Slij) It is stated in tenns ot tons 
per met siib)eft to sti.im 

flipping of Belts. — Sc'c Jlelt Tension, Bcdt Diessmg 

oNxt Bar — A bai InMiig- an ojicn slot 01 cc'iitral clear space within vhicli 
^ stud is slid or tiglitc ned at jilcvisuie Linear and rotative motions are 
thereby rc iicli rc d iiiteic hanger i*]e, and tlie length of stroke of recipro- 
cating rods IS rcndeicxl cipablc'ot ad lustmcait Slit baisare use din 
machines ol almost all clc'sc ijptions, and 111 prime movcis 
Silt Bar Motion — The meshamsm ot a lodor link, the amount of who-jo 
throw is capable ot adjustment witbin the Imiits ot a slit or slits in the 
rod along which the* sc t hedt for amiiccI adjustment slides 
Slitting File. — A file whose .section ls that of a double V having twc) 
thin knife -like edges 
Slope Tile —See Square Tile 

Slot. — All oblong hole, which mav he (uther rounding or square at the 
ends. Slot holes are cut in levers to allow of adjustment for length 
and in machine shdes to take up the wear, the adjustment being made 
by a small nut or set screw, or m a cottar way (q v ) by means of a 
wedge or cottar (q v ) 

Slot Drilling. — Tlie cutting of slots cither for cottars or set screw adjust- 
ment, or of shallow grooves for the reception of sunk feathers, by 
means of a machine somewhat similar to a drill, the cutting tool being 
earned by a revolving spmdle, though provided with no downward feed, 
hut having a sliding table, which, while carrying the work, is fed along 
imder the slot drill, thus cutting an oblong recess or hole of any re- 
quired length and of uniform depth throughout. 

Slot Hole. — See Slot 
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Slot Link. — ^The movable link, the shifting of whose position relatirely to 
the valve rod of an engine cylmder determines the amount of cut-oft‘, 
and the forward or backward motion of the engine , called also the 
reversing link These results it effects by bunging one or other of the 
eccentric lods in turn into a line with the valve spindle. 

Slotted Cross Head. — A cross head (q v ) slotted for the reception of the 
sliding block attached to the end of the connecting rod of a steam pump, 
and which combines rectilinear with rotational movement 
Slotting. — The vertical cutting of narrow grooves and key wavs, and 
generally the vertical shaping of cuived outlines by means of a slotting 
niachmo (q v.). 

Slotting Machine — A macbino usi'd for sliaping metals, the arm winch 
cariK'H tbc f utters moving in a vei tif <il direction The travel of the arm 
IS (“ip.ibb' of adjustment by nneins ot a f onne( ting lod moeablcin a slot 
in the nnn ; and piovision is also marie foi impaitmg feed (q v ) motion 
to the table, and also motion in a cncnlar direetion. The <irm also is 
usually su])])lied AMth provision forquick leturn (q v ) motion by meins 
of a link ait. idled to a dis( , on tliu same piineqile as that ('inployod 
in slnqnng ni idnnes Slotting in k bnu's 0( ciir in modified forms. 
Wliat ai(‘ known as eni \ ilinear inaebines are ( onstiiieted foi slotting 
out tlu' Intel loi poi ( ions ot the i nns of i.nlw .ly v bei'ls 
Slotting Tools — (k)jripiis(> roinid-( dgod, k( yw.iA , ])ntiiig, and book tools 
Slow Cutting Motion - The motion of ibe tool box of a sb iping or slotting 
niai bine dui mg tin foi w'aid oi dow nwaidstiokc, as opposed to tlie quic k 
1 etuin (({ V ) stroke 

Slow Feed - AVlicn jnovision is made foi twH) sits ot fei'd motions, as in 
many di ilbiig niai bines, one IS tel ined tbe slow and the otbiu the last 
or quick feed, till' A aiiation being iieei'ssaiy, siniH' dillei I'lit AA’^oikeh'iiiands 
different lati's of fird aisoidiiig to tlie eoarseness or fineness of the 
finish leqniiid, oi tlii' natiiii' of tlie nn tal itsi If 
Slow Gear. — Tin' doubb' oi tnbli' pnieliaso gi -ai of cranes and hoisting 
maelnneiy, and ibe buk gi .11 ot lathes .ind elullmg and other maebiurs, 
aieteiiiK'd slow geau, because AAitb iiiiKase of power tlieic must be 
eorrt'sponding and iiiA^ci m' dnninntioii of a'cIoi ity 
Sludge.— Tlie muddy diqiosit Aibidi .icimmnlates in a strain boiler 
Sludge Cock ■ — Tlie i oi k .it tin' bottom ot a steam boilei aa^Iik h is emploA’cd 
foi the purpose ot cleaning tin* boikr lioiu sludge by pei iodic al a\ ashing 
tliiougli AAith a stioiig (iiiu'iitot AAater. 

Sludge Hole. — A mud bole (q a- ) 

Sluice. — ( 1 ) A Avatei A\ay and i^ate, 01 a disc plug val ax' foi the regulation 
ot the how of AAuter (2) Tlie opening thiough wdiich the water is ad- 
mitted to a AAatei aaIiccI or tuibine 

Slurry — A teim used m ioundiios to signify dirty Avater, or black wash, 
and 111 a gciieial way any fluid used in moulding 
Small Coal — Coal avIih b has been srreeiied at the pit’s mouth. It is used 
to a limited extent 111 engine and smiths’ fires and furnaces, but is 
moie larg-i'ly employed in the niaiiufactiuc of patent fuels (q v ) 
Smelting. — The process of the 1 ('duction of metals from their 01 es, effected 
chiefly by the aid of heat, and fluxing and reducing agents. 

Smelting Furnace — A blast furnace (q v ) or some form of reverberatory 
furnace (q v ) 

Smith. — An engineer’s smitli is a specialist, since his work relates entirely 
to forging of machino parts Usually it is of a somewhat heavier 
nature than that of an ordinary smith, requiring the aid of the steam 
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hammer ; and m the lighter work, owing to the repetition ilemandod, di« 
blocks (see Die) in which the forgmgs are either paitly or entirely 
stamped, are largely used. 

Smith’s Brace — A hand brace used by smiths for drilling holes of 
moderate diameter. Its outline is very similar to that of the oidinary 
carpenter’s brace, and it is lumeti in the same way, but the requisite 
pressure is imparted at the top by means of a feeding screw agamst 
whose end the top of the bract', which is formed into a hardened point, 
IS centred The resistance is taken bv a horizontal aim having a boss 
tapped to receive the feeding screw, the arm being cap.dile of sliding 
up and doiivTi, and of being tightened at any hniilit on a vertical pillai, 
whose foot IS bolted to a bench or clasped in .1 iici' Tlie'^e braca's aie 
not used much in engineers’ smithies, the ratchet hi ace and diilliug 
machines being more convenient 

Smiths’ Hammers — Smiths’ hannm'rs embrace the sledge hammer, tlui 
ordinary li.ind hammer having eitliei a stiaiglit 01 a ImH pane at tlio 
small end, the set hammer, and the v.irioiis tlaltc'is and fullerh, whnh 
tliongh not stridlv spe.ilving h.iTnmds^ an* nev c'l theless tools ot a 
similai type Not( s on c'.ich will be lound undei then lespc'cUve head- 
ings S( e aDo Oliiei, Tilt ] lammei , cVc 

Smith’s Saw — A hade -s iw (q v ) 

Smith’s Shop — I’he she'd 01 biuhUng m whu h tlio ojH'i ations of smith’s 
woikait earned on The forces ,n<' tU landed aioinid tlie w alls, spae e 
being h'tt hetwo'en enh fr>r llio r<n ks which caiiv th(' swai^es, tulleis, 
iliiscls, and oilui similar tools The an\ils stand in tif)nt ot thi'se ojx'ii 
solaces A light wall ciane is attaehc'd to the w.dl hc'twi'en c'.idi toige, 
01 one to two toi^e's The central opc'ii space ot the shop is oi eiipu'cl 
With steam hamnicis, forging nnu bines, Ac. A shed adjoining the 
shop IS used as a stoic lor b.n non 

Smiths’ Tools — Imludc' anvils, anvil st inds, fmges .md filing tools, 
liammors, tongs, tl.ittei.s, fullcis, swagi's in thi'ii v.iiioiis Inims, si'ts, 
pin is, punches, holt and lu'.iding tools, and dulls, ( hisi Is, s.iws, and 
inai bines, both special and common to tin fitting and electing shops, 
each desciioed in ])la{ e 

Smith’s Work — I’he heating, handling, light h.immering, and in.inipu- 
latioTi of wioiight non <ind steel, the diiection ot the h« ivni ])lows of 
the stnkci, the holding ot the top svva;^<s, and otliii tools, the pio- 
paiing of joints toi welding-, tlu' hai cloning and tc'nqxiing ot steel, Ac 

Smithy Fan. — A d'ntiifugal fan used lor hlouing the tin sin a smith’s 
shop, branch pipes leading to eadi forgo througli tu}(‘ies, and the 
amount of blast being capiblc ol i< gulation by a va]\e 

Smoke. — Consists ot a Inal'S ol minute pai tic if s of solid uni mmt carbon 
libeiated from hydio-eaibons by the action of heat, and suspended m 
an enveloping medium of vap>our ot vvatc'r, and nnhinnt g-asf s given 
olf by the lucl See Smoke Pievention Dl.u k smokf' is tliat which 
c-oiitains the largest quantity ot solid carbon The so-calhd smoke 
which 19 of a yellowish or yellow ish brown colour is not smoke [i e, 
free carbon), but caiburetted hydrogen, chiefly olefiant and maish 
gases mixed w-ith taiTyand sulphurous mattcis 

Smoke Box — The front part of the locomotive, or portable engine boiler, 
into which the tubes discharge the products of combustion on their way 
to the chunney 

Smoke Box Plate — The dished plate winch covers over the outer end of 
the smoke box of a locomotive or iiortable engine boiler and which la 
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removed when the tubes require examination or cleaning’. It is usually 
of wrought iron, but is sometimes cast. 

Smoke Consuming — The application of the principle of perfect com- 
bustion, to the smoke from fumades, whereby tlic solid carbon and m- 
flammablc gases are fully oxidised See Smoke Prevention. 

Smoke Flues — Tlie tines of Cornish and Lancaslmo bodeis, and ex- 
ternally filed boilers -wIikIi are built in briek woik, as distinguished 
from the fiH' flues (q v ) of inbinallv findboilcis 

Smokeless Coals — Anlln.u ite, and autlira( itu eo.ils (q v ). 

Smoke Prevention. — Without deseiibing the v.nious Hch( mes that have 
been proposc'd to pi event the niiis.iiK e ot smohe bunntion, it is as well 
to note the ess( niial (onditions whidi must obtain iti oiiLer to its re- 
moval The black smoke and vtllow smoke (see Smoke) wliieh are 
given oft fioni emriiK tiic'S is gisenoti in these toims, either Ixa’auso 
there is not a suthc K'lit quantity of oxygen iiiescnt to foim a (hcinn al 
union th(i( \vith,oi Imm ause,ifpu'sent,tlic temperature is not sufficiently 
high to pi oduec' ignition All smh gases and solid ( adion allowed to 
pass oti unhuint K'juc'sents a \ .ist amount ot heat w.isted Ilein’e the 
adoption of ineasuieH to pievc'iit th(‘ foimationoi smoke not only abati'S 
a nuisance but is an economical gain. In oidiuaiy tiiinaces the remedy 
IS obvious. Tlie fuel sliould lx* avc 11 coked on the de.id ])late so that 
the libcu.ited gases sh ill Ih' well ( onsuiiied iii the combustion chamber 
on their vay to tlie (himnc'y 

Smooth Cut File.- -An oulimn y smooth oi fine file A smooth cut file of 
12 in in length will contain 72 lines ol ttcdli to the linear inch. 

Smoother. — A slc'chc-r (ci v ) 

Smoothing Plane — A sunill ]d.ine iiscxl by wood woikers for giving a 
smooth finish to suif.iees in c.isc's -whe ic .ie(_uia<‘y is not \c'iy esscaiti il 
It measuies about S in in length, audits cutting non ^\ill langc^ 
from 1 1 in to 2* in in -widtl. 

Snail. — A coliite-sli.ipc'd cam 

Snap — The sic'd die used by rn eteis for finishing the heads of ii\ets. 

Snap Head ~ See Snaj) Head Kivet 

Snap Head Rivet, or Cup Head Rivet — A rivet whose head is semi- 
circular oi eiip-shapc'd in section 

Snatch Block —The suspended block in lifting tackle, contammg the 
pulleys whic h rest in the lowei bight of the chain 

Snifting Valve — A ri'lnd valve, used generally foi the purpose of afford- 
ing an exit for an impiisoiied fluid or gas, when the pressure thereon 
attains a dcffinite amount In a condensing engine it is the valve 
through 'which the steam ami an which imngle m the blowing through 
(q V ) pi oca ss pass out oi the c^lmdor. 

Snug. — A lug (<1. V ) 

Soaking —See Soaking Pit 

Soaking Pit. — A (•a\ ity oi pit in the ground or base of a steel works, 
lined with file brick, and m wliicdi steel ingots are laid to soak, as it 
is termed, before being passed to the cogging and rolling mills ; the 
Boakmg being a teim applied to the uniform distribution of the tem- 
perature of the ingot The ingot is too fluid in its central portion for 
rolling immediately that it leaves the mould, and if allow^ to cool, 
the outer skin becomes set wdiile tlio inner portion is yet m a semi- 
fluid condition By coolmg the ingot m a pit of fire bnck, the tem- 
perature becomes uniformly distributed without much loss of heat by 
radiation Hence reheating is unnecessary when soaking is resorted 
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to, that is, so long as the ingots are not allowed to accumulate on 
hand 

Soap. — Soap is thrown into the melting pot containing gun-metal or brass 
to act as a ilux. See also Soapsuds, Soft Soap 

Soapstone Gasket. — A form of packing used for hydraulic loints, made 
of hemp, tallow, French chalk, and other ingredients. Called soap- 
stone because of its gieasy natiiie 

Soapsuds — Soap and wat( r us(‘d in the lubrication of cutting tools, and 
supplied from a soap-watei can (<1 v ). 

Soapsuds Can. — A soap -water can (»i v' ). 

Soap Water Can — A cylindiual tin can. open at the top and furnished 
with a stop cock iieai the lioltom It is n^^cd to eftect the liibiication 
of woik whidi IS being turned or otlnu wis(‘ machined, the stop cock 
being opened only pist so much as will allow of the s]t)w drip of the 
fluid contained m the can, njion the work The usual lubiicant is soap 
and w.iter, or oil Hence called diip oil can 

Socket — Th.it enlaiged lecessi'd ])oition of a pipe which receives the 
spigoted end ot tin* pijic to whuh it is united C.ilh'd also ihc faucet 
When the spigot pipe is inseited into the socket, the joint is secured 
by sb'inming 01 caulking wuth h'ad, 01 wuth lope g.isket, or in the best 
])ipes the joints are turned and bored 

Socket Bend — A bend pijie luinished wnth a socket at one end and a 
hjugot at the othf'i. 

Socket Chisel — The strongest kind of chisel made, used like the mortice 
( hisel for cutting tlio joints of lu'avytimbiT training, being actuated by 
the mailed alone It dcll^('s its name trom the upper end teimmating 
in a hollow tapeied socked, into wdiuh arounel wooden liandlo is driven. 
Tlies(' chisels range' from ^ in to 1 in in width 

Socket Pipe — A c.ist-iion pijx' whicli is x^io^’ided with a sorket (q v ) at 
one end and a spig(d ((j v ) at tlu' other The sodo'ts ol wi ought-iron 
pipes are unions ((^ v ), and are .sdewed o\er the ends ou the* outside 
diameter 

Socket Washer — See Jndi.i-rubber Washer 

Soda — Common soda is used lor the pin pose of prr'ventmg and of 
removing iiicnist.'itiou of caib-aiato .xnd suljdi.ato ot liino liom steam 
boileis This is etb eted by an t‘xchang<* of aeids, the* carbonate in the 
soda cnteiing into i ombin.ition w'lth the lime, forming sulphate of 
bine, wliK li IS soluble, and carbon.ate of soda, which is deposited The 
soda 18 either introduced m lumps or is dissolved with tlu* feed water 
Soda ash is sometimes substitub'd, sometimes also caustic soda In the 
former case a largi’i quantity, in the latter a smalk'r amount is required. 
Soda IS useful, neutralising the grease m greasy feed water, forming 
wnth it a soluble soap. 

Soda Ash. — See Soda 

Soffit — The intrados (q v ) of an arch. 

Soft Blast — A blast of low velocity, or a blast insufficient in amount, 
its pressure being in.ideciuate to melt the metal without an excessive 
expenditure of fuel 

Soft Brass. — Brass which has been annealed after drawing and roUmg. 
Used for purposes requiiing ductility 

Soft Centred Steel. — See Mild Centred Steel. 

Softener. — A double colour brush (q v ) used by draughtsmen for shad- 
ing. 

poft Grit. — A grmdstone of soft and porous texture. 
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Soft Iron. — Iron which can be shaped with ordinary cutting tools or 
abraded readily with files. The quality is due to the amount of carbon 
present and the manner of its combination, and also to the mode of 
crystallisation Iron which contains practically no carbon, aS mal- 
leable iron, IS very soft, so also is iron which contains the maximum of 
carbon, as foundry pigs, which may contain as much as 4 or 5 per cent. 
Carbon when present m the graphitical condition makes a soft iron, 
but a very much smaller proportion when in the combined state yields 
white iron, which is extiemely hard Iron allowed to cool slowly in 
sand is soft, while the same iron cooled rapidly against a metallic 
chill 18 hard. Soft iron is used for all ordinary castings which have to 
bo machined ; tough, slippeiy, and hard iron being reserved for special 
classes of work Where it is necessary to machine castings of hard 
iron, grinding or cutting by means of an extiemely slow feed is 
resoited to 

Soft Metal - -This is a relative term exjwcssi ve of the density of the particu- 
lar metal in lelation to ih(‘ })UTpoMo foi which it isrequiied Metals are 
soft wduai tlu'Y ai(‘ more du( tile, mme (histie, and more easily cut than 
the saiiK' nu'tals when liard Hard buttle metals aie lendeied softer 
by annealing (q v ), by judicious cooling, and by chemical changes 
affecting the relative piojioi turns of forugn m(‘t.illic or iion-metallio 
Hubst.iTK ('S, whu h ai(‘ alwavs pK'stmt in small and vaiiable quantites. 

Soft Ramming — See ll.ird li imming 

Soft Soap. — Soft soap is used loi tbe luhru'ation of the wooden patteims of 
pipes and (olurniis wink' tuiiiiiig in tlie lathe, and supported by a 
steady, the so.ip Ixing rubbed into tlu' lx ai mg of tiie stead v to i)rc\eiit 
lu'ating and buining of the wood. Ihscd also in tlie'miving of soaj) 
suds (<1 V ) 

Soft Solder — Solder uscxl for uniting the lomts of wuuks in lead, tin, and 
soft hiass, and similar nu't.ds and .illovs Its conqujsition is \aiious, 
and so also an' tlu' Iluxes ( inploM'd witli it 

Soft Water — \\ atei lux* liom cailxinate and Hul])]iate of lime The 
softer tlio watei foi hot w.itiT aj)])aiatus and for steam boilcis the 
bitter, siiu e it will then pioduce liss eukaieous deposit in the pipes 
and on tbe pl.itos. 

Soft Woods — The soft woods emplovexl hv engineeis are June — both 
vellow, reel, and wdiite— spine e, ie*el eh'al, kauii pme, t^e 

Solder — A nud ilhc eeuiu'iitmg inateaial mteijiosed hedween surfaces 
which aie to Ix' united m close aiiel turn contact Keo IJaid Soldeas, 
and Solt Solde-r 

Soldering — The muting of twm poitions of metal hv means of anoHier 
metal oi of .in alloy Soft solele'ring is edfected witli the aiel of vaiious 
alloys of lead anel tm 1 1.irel soldeiing apjilu's t' the alloys of copper 
and tm, and is calli'il l)ia7mg(ej[v) A clexm smfaco is essemtial to 
e'tticiciit solele'rmg A copju'i bit (q v ) is used in soft soldering, iii 
hard solel earing the parts aie held together wath binding wire (q v ), 
and the metal allowed to run in. Si'o Autogenous Soldering, Brazmg 
Metal, Sw'catmg On. 

Sole Plate — (1) A thin base plate, differing from a bed plate in its more 
slender form benng either nnstaved or but sbghtly stiffened with flanges 
or ribs It usually owes much of its rigieiity to the timber or metal 
foimdation upon which it is fastened A sole plate is often a mere base 
for plummer blocks Not unfrequently, nowever, the term is apphod 
meliscninmately to ordinary bed plates. (2) The periphery of a water 
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wheel from which the buckets start. (3) The bed of a reverberatory 
furnace (q "v ). 

Soles — The longitudinal or side timbers in the under frame of a radway 
truck. 

Solid — A body or substance which is able to sustain a longitudinal 
pressure without receiving lateral suppoit is termed a solid 

Solid Blows — Dead, non-elastic blowvs, imparted by a hammer to a sheet 
of metal, or similar solid body, winch rests upon a firm and solid sup- 
port The effect of a solid blow is to indent or thin the metal, and 
spread it out over a large area Solid blows are imparted to wedges, 
nada, keys, cogs, &c , by holding the hariincr \eiy liindy when 
striking 

Solid Box. — A solid or unpnnted bearing, A dead eye (q v.). 

Solid Column — See Iltillow^ Column 

Solid Coupling. — A coupling foiged in a solid piece wnth its shaft The 
ordinary coujdmgs ot propelh'r shafts aie an tx.imple ot the solid form 

Solid Drawn Tubes, oi Seamless Tubes — Di awn lubes, in opposition to 
bra/ed, or wadded, or riveted tubes. Tlie eoppc'r piping for feed, 
bilge, blow-off, and simdar puiposes in eoniu'ction with maiino 
engines, the brass tubes for suiffaco condensers, and the tubes of multi- 
tubular boileis, are all solid diawn. lion hydraulic tubes also aio 
solid drawn 

Solid Emery Wheel — A wdiecl built wholly of emery, to distinguish it 
fioni a wheel in which the iiowdei is hud on a centio of wood 

Solid Half Rounds — See Halt Hound iron 

Solidity — The solid contents of a body The solidity of all bodies can he 
obtained by Cfih ulation, and it is often n(‘(ess.iry to be able to do so m 
order to obtain tin ii iiniss and wt'Uiht 

Solid Piston — An engine jnston wliah is a solid disc, instead of being 
built up m separate poi (ions Tlu' ( ik umferem o of the disc is leccssed 
foi the reieption ot sjuing iiugs (<| \ ). 

Solid Reamer.— See Keanu r 

Solid Rolled — Oulinaiy lolled wTout-ht-iion loists, bi'ams, or giidrrs, as 
distingiii^lu'd fi om beams and gadeis whu h aio built u]) with tielhs 
w'Oik ot ^allous tvjies 

Solid Tool — An oidiri.iry tool for metal turning m wliuh the cuttin<»’ 
point IS in om'with its shank, as di.stinguishid from the smaller tool 
points u-^i'd with a tool holdiT (q v ). 

Soot — Solid nn])nrnt caihon whuh aoeiimnlatfs m the flues of rngwio 
furnaces, and the amount ot whoso lu ( umnhition should ho leduced 
as mm li as possible by consuming tlio smoke m the funiace, sootiejire- 
sentiiu* lu('l wasted. 

Soot Door — A sqnaie non door ni'scrted in an iron frame, huilt into the 
fiont ends of the hriekvvoik flues of Cornish and other hoih rs of tho 
horizontal tyjie, thiough which tho periodical ai cumulations of soot 
are removed. 

Sow. — See Tig. 

Spacing — The dividing or setting out of holes, rivets, holts, &c , into 
their relative positions in a piece of work, the compasses or dividers or 
special templets being used for the purpose 

Spall. — To bleak off a chip. Usually applied to tho accidental breaking 
off or out of a strip of wood when planing the end gram of timber. 
Spalling only occurs when the planing is clumsily or carelessly done. 
It IS readily prevented by first chamfering the edge towards which the 
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plane is cutting, or by planing alternately from each edge. Broken 
edges are said to be spalled or spalt. 

Span. — (11 The horizontal distance between the springings (q.v ) of an 
arch. (2) The distance measured between the sujipoits which sustain a 
beam or girder or girder -like structure The strength of beams of 
similar section and similarly fixed will vary inveisely with the span. 

Spandrel. — The space enclosed between the outer curve of an arch, a 
horizontal line from its apex and a vertical line from its springing. 

Spanish Mahogany — See Mahogany 

Spanner. — A lever used for the tightening up of nuts Spanners are 
usually double ended, that is, each en<l is foiincd to take a nut of a 
difi’eieiit size than the end opposite The si/e of a sjiaimer is reckoned 
by the diami'tiT of bolt for which it is suited and not by the width of 
the ]awH T'lius a 1-in spanner t/ikes a 2 -iu nut, but will be an 
inch wide in the jaw ITie angle which the spanner jaws make with 
the handle is not aibitraiy, but is selected wath the view to turning a 
nut m the least possible space. It the handle is straight with the 
jaws, a hc'xagon nut cannot be turned in less than GO'’, or a square one 
ill less than 90'’. But if the angle of the jaws be made 15°, a hexagon 
nut can be turned in 30° The length ot a spanner may be from 15 to 
18 times the diametcT of the bolt See also Screw Wrench 

Spare. — See Sjmre Gear 

Spare Gear, or Spare, or Spare Parts. — Signifies the supjdy of duplicate 

5 )ortions of m.ichmery together with the order to whidi tiny belong 
't is cudornaiy to include spare puts with work which is despatchc'd 
to the colonu's and with sea-going (‘iigines ; tic parts consisting of 
those which wa\ar out mod rapidly, .ind tbc'K'foio r(^(]uiro frecpient 
rejilacement, oi those vital jiaits ujion wheh the eflKiemy of the 
machine or eng'ine mainly dejxmds, and wdm b in tbe cas(‘ ot a break- 
down it would b(' ditluult or unpossible to replace' immediate]} 

Spare Parts.— See S[)aie (bai 

Spark Arrestor. — (1) A globulai cage of g.ilv.mise el non wire, or a curved 
plate of sheet irem, put above the (diimiu'V'ot a poi table' engine eu e rane 
to ariest aiiel tliiow ba< k the .spaiks (J) A giating placed acioss the 
smoke box and beneath the blast nozzle in some locomotives to arrest 
the upward flight of s^iaiks 

Spathic Ore -—Is a caibeuiab' of iron found chietlv m Styiia and Carmthia 
It owes its chief vailiu' to the presence ot mangaiie''e', wdne h renders it 
especially suitable foi the making of some' cpialities ot steel 
Spear. — S('e Piunp Spear 

Specification — A documc'iit in which aU particulars, both general and m 
detad, ai 0 sbitc'd lespecting the ccmstiuc tion ot a machine or eusiinc'C'img 
work Specitications aie issued for all mipoitant works, and are bind- 
ing on the contracting pai ties 

Specific Gravity. — The density or weight of a substance estimated rela- 
tively to that of water, it a solid or liquid, or rolativc'ly to that of an at 
the same temiieraturo and pressui e, if a gas It is denoted by the 
initials sp gr. 

Specific Heat — The ratio of the quant itv of heat required t-o raise the 
temperature of a given weight of a substance thiough 1° F. to the 
quantity of heat requii ed to i aise the bunperature of an equal weight 
of water at 39® F or 4° C through 1°. In other words, the capacity of 
a body for heat, relatively to that of water 
Specific Levity. — Signifies the relative tendency of those gaseous elements 
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and compounds wliicli are li^jhtcr tlian air to rise. It is therefore the 
opposite to specific gravity. 

Specific Volume, or Eelative Volume. — Tlio volume of a gas or vapour 
compared with that of tlio Ihpiid liom which it is goneiatod 

Specimen Bar. — A length of bar of any material spec lally prepared for 
testing m a tesfing niaehmc IJar.s arc either piovided with shouldered 
ends to 1)0 held in bi idles or clip-^, or are screwed into their bridles. 

Specimen Bridle — See Specimen llohh'r. 

Specimen Holder — A bit of ineihaiuMii employed for holding specimens 
to be tested in +he testing meehin(‘ (q v ) Tliev are m.ido for the most 
part to chp the spi'i imcai, \vlueh has collars at the ends to fit thereon. 
Heme tirnii'd spoennen hndles 

Specimen Plate.-- A pnM e o^ jdab' of any matciial specially prepared for 
testing in a testing niafluiK' Plate' spi'i nui'iis aio embraced at the 
ends, th(' bi. .idtli .it tlie ends Ixang im leased to maint.iin the sectional 
.'iro.i, .nid so ( ornpi'ns.ite lot Iho loss ot stK'ngth due to the liolos made 
for .dtat IniK'iit U'Ik' cm ntial poition of the plat(5 is parallel Mr 
Kirlviild^) ’s ]dates aie 10 111 hmg by ‘d m \Md(' The Admiialty length 
is 8 in , and tin' ok a ot onginal soi tioii .is neaily .is jiosbiblo one square 
inch TJk Pit 111 li stand ml is 200 mm (7 87 in ) 

Specular Ore.— A non-lndi.ated i)eio\ide »>£ non which furiushes metal 
ot ("vcnlhsit qn.ihly Jt is one ot tlio li.cmiatites, and dciivc'S its name 
troiu the lusuo ot its ciystals , hence also the term “iron glance ’* 
ap])li( d to it 

Speecl Cones —See Spc'C'd Pullevs. 

Speeding - The cal< nlatioii of tlio diameters of pulleys and gear wlic'cls in 
Older to obtain detuiito \eloci(y i.itios (cj v ) bctucc'u tho shafts and 
sjnndli s connected w’th each otlnr through their nu'dium 

Speed of Ignition. — This has refcTc nee to tho rapidity with which chemical 
( oinbination tmkes ])laco between tho air .ind gas m a g.as engine Tho 
sjieed ot igi ition is slow or i.qud, .leeording’ as tho porcentago of ad- 
mi\c-d air is kiigo oi small Tin sjicc'd ot ig-iiition must always evcocid 
tho i^iston speed in order to obtain tho best results duo to chemical 
combination 

Speed Pulleys, or Speed Cones. — Pairs c^f pnlh^ys, each stopped down to 
ditlereiit (liamcteis, but both hcing alike- or ne.iily alike m dimeiisions. 
Tlicv are .iii.iiiged the r<‘\erso avay to ' ach other on their shatts, tho 
sraalli-st cb.imetcr of the one coming in Jiiio with tho largest diami-tc-rof 
the other Py shifting tin bedt to the* coirc-spondi ng pairs variations lu 
speed ( oiitsjioiiding with tho variations in theur losjicctivo diameters 
aio obi iiri iblc* V/lion speed pullers are so placed that their centres are 
situated .a long di«t.ance apart, the steps are equal, that is, the sums of 
tlic diameters of eaf n pair of steps throughout are the same, but when 
the centres apjirijximate, the siimh arc not pn eisely alike, tho diticrenco 
being due to the greater obliquity of the belt, and then the diametera 
may cither ho obtained by an elaborate calculation or by a more simple 
graphic dchneation 

Speeds. — Speeds signifies the steps of a cone or driving pulley or drum, 
or the diameters around which tho belt or cord laps, as three speed, 
four speed, <fec. See App. 

Speed of Cutting Tools. — See Cutting Tools, Speed of. 

Spelter. — Zme (q v.) cast mto the ingots of commerce. Also an alloy of 
equal parts of zme and copper. 

Sperm Oil. — See Whale Oil. 


1 
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Sp. Gr. — Specific gravity (q v.). 

Sphere. — A mlid iiavmg every part of its fourfaco equally distant from ite 
centre Tlic sp] eic lias these properties — that of all solids of a given 
volume it IS that whu h has the least surface, and of all solids of a given 
surface it is that wliKh has the greatest volume. 

Spider Wheel,— A wheel or pulley havmg light arms of wrought iron or 
sh'ol 

Spiegel — Anahhreviation for spiegclnscn (q v ) 

SpiegeleiBon — A ^aT](‘ty of non whidi is mialuahlo to the steel manu- 
faotuierH, and vlnch ovos its valiK to the pr(“>( nee of definite amounts 
of carbon and inangiiKse liy adding sjm lei^en in definite pro- 
portions, anydosned exact qnanfitv of lli< s( eldiunts ran be imparted to 
(It tarbiii non ira lt( d in a^^sof lation tb<>U“V itli, i lusingthe immediate 
])rodu(‘tion of a (b finite giade of ste( 1 S« e l'\ n o-Mjng,ine‘^c 
Spikes — (1) Iron f.istenmgs imed for holding rail wav ( Ijairs down to the 
h]('( j)erh Tin v au* < itln r ( \ lindrn.il bais vitb ( m iil.ii he.ads, or rect- 
iingnlar bars V lib a Hingh ]>ioieoting bead on one side Tin lath i are 
also tenned dogs, or dog si>ikes (‘Jj K.iils lurg-ir tb.in tenpeimy nails, 
or ovtr tbrc(! indies in length 

Spills — Tin crarks and semis Avhieh occur in inf* nor non bar**, and in 
wbn h adb( Sion iH nnpi rted, oiMiig to fb(‘])i(Mnfe of sc. lies Wlnai a 
bar of wrought non oi stcsl shows tliese cracks or seams in its fibie it is 
said bv smiths to b(' sjiilli 
Spilly - S('(‘ Spills. 

Spindle — Ahlinlil imd'il lod used foi cairiing winds and jmlleysin light 
mac IniK'i v It is a sliait of sm.ill di.iiin ter 
Spindles -- Soc^ llK'aking I’uecs 

Spindle Valve — A lift ial\< irnnb d b\ a < entiul axial Hpindle oi stem 
Spindle Wheel.— d’he tootlnd win el on the le.ding sen w or sjandlo of a 
.s( lew -f nttnig- latlie, tin reion being a “ diiieii ” wheel m the senes of 
( Inmgi' w In ( Is 

Spinning - I'lie moulding of c in iikn ai tn h's in thin shee t metal byjiressuro 
ajipln d (bniiitj lotitioii ni a l.illn' Also termed bumisliing 
S Pipe.— A pi])t' w lioso ontlnn* i.s loiighlv that of tlie Idtci 5, used for 
eoniiec ting ji.iialb 1 haigths of stt.nulit ])iping 
Spiral Gear.--lin hides bdual, st(]>ped, and worm geaiiiig Described 
niulei those In adnigs 

Spiral Spiing — A In be.il eoil of an ehistn' mattTial, as steel, br.iss, or iron, 
Avhich b.is the l.unltv of exteiiHon and eonipit'ssion in tlie direction of 
itsUaigtb Usid in spiing balance loeomotn e .ixle spiiiigs, .and as 
(dastit ( usbions A sjin.il spniigis understood to ba\ call its toilsof the 
same diamoter and jnte b In a belie il spring the diamcte'r.s of the eoilg 
inereaise w ith e.idi levolntnui A butler spring is a good example of a 
helie.il spiing. In a double Inin* il spring the diunielers of the coils in- 
crease fiom the ( I'litie tow nds the » nds 
Spiral Winged Valve.— A lilt xalve, the wings of wduch instead of being 
at light anglers to the seat, are arranged as sections of a spiial of very 
Ivnig pitih The advantage is that the valve is turned round on its seat- 
ing to a slight dogris' at each lift, thus rendering the wear uniform. 
Spirit. — Methylated spirit, and spirit of wmo are us^ for making shellac 
varnish (q v ) 

Spirit Level — An instrument used for trying the horizontal and vertical 
accuracy of work. It consists of a glass bulb nearly but not quite full 
of spirit, and enclosed in a wooden eai^mg The bubble form^ by the 
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▼acnncy in the bnlb indicates by its central position the accuracy of the 
surface under tost For testing- vertical surfaces the bubble is place d 
transversely near one end of the st-ock, -w hich is then pierced with a hol6 
to permit of it Ixang- seen 

Spirits of Salts. — llydiochlonc ai-id (q v ) 

Splasher — The guard plate or giiaid stiap (q v ) vhich covers the top of 
a 1(){ omotue 'wheel 

Splicing. — The splicing of hempen and -wire rope is generally perfonned 
]>l some one ot the eiiL’-ineer's l.ibouuT'. who has been an old sailor The 
hempen lopes reipnre to be Mell stu'h hetl ])U'\iou8 to splicing, else the 
operation has to be lepeate d si m'I.iI times siihsrqut'ntlv at shoii intervals, 
esja ciallv m the long lopes ns(‘d foi liavelling and gantiy eianes. 

Spline — A ti atlur (({ ^ on a shalt 

Split Cottar Pin —A split ]>in v ) 

Split Draught - In an internalh tin d boiln (q v ) the gases pass through 
the till nai t' tuhi s (ij ^ .) to the ha( k ot the Ixnli r, wheni'e tlu*y ihp nndei- 
neath inlo an t'vti in il thu* ot hiukwoik, and so ]>ass to the tront end. 
Till IK e the\ diiide oi sjilit to light and h'tt into two distim-t buck 
tines ])1.K I. (I upon ea< h suh ot the boil(i,whieh < onduet them to the 
chimney Tins is lalKd split di.nmht to distinguish it tioni wlu'el 
dranirlit fq ^ ) Dampiis v ) aie plaeed lu tluse side Hues at the 
tail!) 1 ends 

Split Joint - e Tong-ue Joint 

Split Pin, or Split Cottar Pm - A s])lit ]>in is formed of wne whoso 
sK'tion IS hi misplu IK al, bout lound until the tlat faces mi'et Jtis 
tlx 11 insei 1( (1 into tlu- ( in iilar hiile jm'paied tor its 1 1 ception and the tieo 
endsdrawn apaitto ])ieveiitth( ])in tiom tailing out It toi ms a secure 
and neat fastening tor the pin ot a knm klo ]oint, .nid is laigi ly used. 

Split Pulley. — A pulhy made in liaKt's and bolt'Hl togt'ther, and used in 
I ist's 'where it would Ix' iirqxmsihh* or jiieoiiM iiieiit to slide it on trom 
the Liid of its shaft. Tin twx) liahi'S uie uns< revved, cli])pod over tlio 
sliaft, and boltt'd iij) inj)! ice 

Split Ring — An oidmary ])iston ring, or ring which is divided either 
diagonally or with a lap])ed joint to alfoid the elastic ity necessary to 
leiicic r it stc vin tig-ht 

Splitting. — d’hc' me thod of dividing castings of whcils and pulh^ys m the 
act ot casting. It is done eitlnr in coder to have two svmmetrical 
h lUvs wliK li c an lx tittcd to the i c nti.il portion ot a sh.ift wlnm other 
wheels, pullc'vs, or hfaniigs occupy the ends, oi (c) n lievc* the- strain on 
a ca‘'tiiig due to unequal massing ot metal aionncl tlic hoss It la 
efleeted by introduc iiig^ sjditting- ]>lates (q v ) into the mould, which 
usually not onlv divide the mould in two, hut Jilso carr}-^ the corc-s to 
form the bolt holes AVhen the boss ot a jmlley or whc.cd is split 
simply to relic've it of tension, tilling-up pieces of metal are atterwaids 
introduced into the open spacers, and the w hole banded togc thc;r by the 
shrinking on of rings of wrought iron over the ends of the bosses 

Splitting Plates — Thin plates ot wrought iron or of cast iron placed in 
a foundry mould tf» etteetthe division or splitting of a wheel or pulley 
m the act of castmg To prevent adhesion of the molten metal to 
their faces, they are painted over with tar, or with loam and black wash. 

Split Wheel. — Cog wheels are sometimes spht for the same reason ai 
pulleys They are usually moulded as one, but split by mterposmg a 
thin plate of wrought or cast iron between the arms, by means of 
which the casting la divided mto two. The splitting takes place either 
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tlirough tlie arms , or thrcmgh lugs cast on the bosses, and on the inside 
of the rim. Sometimes the halvxs are moulded and cast sepaiately, and 
fitted tog( thcT by ])laniTig 

Spoke Machine. — A m.K lime or lathe used for turning spokes on the copy- 
ing piiiK ij)l(j Tlie latlio has two sets of centre's, the wood to be turned 
revolving hr tween one sit, and an non templet or copy of the spoke re- 
volving at llie s.iino s]>o(‘d ])itwe('n1he otlnr S(‘t Tlie eiitteis and a 
lollei in sot in tlu' s.nne slide list and w hde the latter iollows the 
tiTuph t, beiier hi]>t- ]>i( s‘‘<>d against if, liie fonniT follows, and lemoves 
th< wood, NO ill it the lalt(i is hound to become an exaet counterpart 
ot the t( ni])l( t oi ( opv. 

Bpokes 'l'li( .iinisoith( i iinning whei Is of locomotives and rolling stock 
Spoke Shave- Atoolusdl b\ ]• itf« i n mab< i s ioi the w^oiking of sweeps 
111 ( is( s w b( 1 1' eT( .it ai ( 111 i( \ !■> not ( ss( lit i.il 
Sponge - d’lir ]):i]l oi ]ni])ni(' m.iss ot non lu wly ledm ed from tlie ore, in 
i( i<liiu''S foi Nliinolini4, lolling, oi casting 
Sponge Cloth V (o.iisi' lotton towi'l wovi'ii i \prcssly for the use of 
ni.K liinisN .iiid ineinMis, to < Ic ins(‘ ]»iight and woiking ji.ntsfiorri 
sii]Hii]uous oil .inddiil J b ni e tciim d a w ipei Tin si haM' laigely 
tal\( n I Ilf 1)1. If ( ol A\ ivti ((j \ ) 

Spontaneous Combustion N»in< ijn.dif a s of oils if li ft m s.^tniation with 
(olloii til'K, (oltoii w i''ti , tVf , toi .1 it w liouiM ])( I omi' li( ill d and 

s])t)iil im ousl\ leiutf lu IK ( .1 •'Oiitft of d.ingi'r tf) l.n toin s av ha h the 

oil in.innt.H tun I N stint tf> djmnii--li b\ i n t tnl sc It ( tioii and ju t ]) na- 
tions ot t lit ii oiK J j Is tht 1 1 |oi t I It ( oinint nd.ition to an oil A\ lieie, 
of lit 1 (|u.ilil a s In ino t (jiul, it h is a liio-b Hashing juiint (tj \ ) 
Spontaneous Ignition ^t t f'liont.im ons ('tanbnsfion 
Spoon Bit A itit ol ooii;jt'-lilvt St ( f ion (st t' Sht 11 Ibt) used for bonng 
wood Its tutting ( 11(1 is loiinhlv tone oi ]» n ibola-sh.ipt d, so that it 
doc s not ill i\\ iN < oit so ( lit < tually as a nose* bit (4 a ) 

Spoon Gouge fsto runt (b.iiLre 

Spoon Tools IMouldt 1 n' ittols ludely Hpoon-sbaped, and used for smooth- 
ing 01 nIc ( kino moulds 

Spray A st i ii ot small 01 thin lunners (cj a' ) diAeiiring fiom a eommon 

(tidit 01 ingite((|N ), eat h to i oiiAt A its ipiota ot metal to a si'paiato 

moult], tin monlils ,ill In mg 111 out' box Sju.ias aie commonly em- 
]»lo^ld III ]»lat(' moulding an la n 8 e\eial jiattt'iiis aie moulded in eoiiti- 
guit} It) t n li t)tbt 1 , and art' used also lor anv liglit castings when it is 
(It sued to c)l)l iin sutht lent .iit a ot enti} lor the metal without the risk 
ot bii.ikino- tht' t.istinir, an hah ANoultl result irom the knocking off of a 
sinnlt'l.nm luniai ISt'C Itidge. 

Spray Tuyere A iorm ot blast lumaie tuvero, in w’hich the interior of 
the tiibt s t»i AN huh it is i omjutst d is kt'pt t ool b> a number of jets or 
spia\sol cold AN.itt 1, (liiiH ti <l liom la>lts 111 siipplv pipi s introduecKl 
into tbo botU ol the tiiAcie, tbi' ANaste water fallmg cIoanii tJie sidesaud 
jaissing out thioUj^ji .1 an isle pijic 
Sprig — A cut biad. tSoo Brad 

Sprigging — When 11.11 TOW and inherentlv w oak and otherwise unsup- 
jHirtcnl sections t)t sand oi i iir 111 louiuli a' moulds, it is nc'ce.ss.iry to sus- 
tain them, and the custom is to thiiist longiut brads or sprigs into 
the sand, roacluiig fiom the Aveak sc^i'tions mto tlie body of the mould. 
This 18 termed sprigging or nailing 

Spring — (1) A contiiMuiee in wdiich the elasticity due to the nature of 
a substance or to its form is employed for the purpose of deadening 
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shocks caused by the sudden contact of bodies, or for the exact adjust- 
ment of strains or pressures Examples of the former are tound in 
buftcr sprmj^s (q v ) and m the spimgs of lailwav axles, examples of the 
latttT in the spiing balant-^ (q v ) and in the dial giuefo (q.v ). The 
railway, or was^on spiing, consists ot a bundle ot ships ot curved 
steel ri\etcd together, the rivets having }>lnv allowtHl endw.iys m slots 
in the spun gs The springs luing eui\ed up\\ards sust un the pres- 
siiie of leads suddenly aj)])li( d to th(‘ tiinkoi eartia^e to vhieh tley 
arc attaehed (2) Tlie tei in sjnin” is also a]>j>hed to a viought-iron 
bend pipe, tlie amount of \\hns(' eui\o is eveeedmglv siinill 

Spring Balance -TiK'oidin n v spi mu balance is used (hi('{]> for safety 
val\ c's and \\ ('ighing m i< (lines Tlie pio])oi tion toi s])niio js 111 it tlio 
di iniefcT of tlie iiit* inal ])oili()n of the coil sliould be tom tinn s that of 
tlx thn kness of tlii sti ^ 1 

Spring Balance Valve A loim of sab tv v.die m vilneh tlu' levc'r is 
att K Ik d to tlu end <tt a s]a ing b il me c‘, iiistc ad (it n c ( i\ in^ a w I'lglit 
TIk' gi aduat ions el tlie l>alan<«‘ indicate' tlie ]iic'ssuies 

Spring Bows, idso c alb d Bows, oi Bow Compasses. Sm ill dniwin-; < oin- 
pa^'-'i s usi d foi tb( mo>t dc'bi atc' and minute' w oik, ioi wbith tlie oidi- 
mn \ foTin A\ould b(' nnsuitalilc' '^l^lu h gs wbiibau sboi 1 , ai •' miib'd 
at tin'll uppi r ])oi lions bv a sjning, A\bi< li Avoiild in iint im tlx in w ido 
astin it i but loi a nulled lx aded scrc'w by ux ms ol avIikIi tlxii dis- 
tant < sap nt are ad piste d as lecjuired. A set of btivs c oiiquise s Ibieo 
instninn ids, jioints, jH'ii, and jm'ik il 

Spring Box - V IioIIonv box, c out lining a Ix'lx.il s])img eix Itiam^ and 
i onhning tlx s])i mg s 'Fix' lextion ot tlx' liltti agiiast the 

end ot the box tiuusts it agiinsj white \<'i is -jilneel m line w d h a iid 
in eoid If t w dll it TiOve I s, pauls, At , aic thus aetuated by spiings 
eiu lose d in s])img boxes 

Spring Chaplet - See S}itni<r(.r 

Spring Chuck — \ litlx- clunk in. idc' of h.nel we.od, gi ixially beix weiod, 
and iisc'el toi bolding light ind dedie .de' x\ t)i k wliie b wt>nld be uquit'd 
or distorted bv tin .qqdie.ition of much jncssiiie' Jt is m sli qa' like' a 
cnjeeluu'k uxl the spring- is imparie'd b* it by i luuung <i iiiunbe r of 
raeli d hiw keils fioni tlx* fioi.'^ de>w iiw.iiels, nuiul.ii to the' slits in the 
cajts of te U sc o]K s, anel hvclamjeing tlx set turns thus ioiirx li wuth a 
ring- slieling em the slig-htlv tajiere el i xic ixer el Mine te r, so that the* e x.n-t 
amount f»f pies^urc' of tlx* chuck npein tlx ctnilimod ohn e t can bo 
re'g-ulated, .indworkc in also be rc move d wdlxmt iisjng- tlic lianime i 

Spring Dividers — Woikirx n’s siiop divide is, whose' le gs aie* mule d hv a 
stittiig aicln d sjuing- wliie li te nels .ilwt-avs 1e> tlu list the. in asiineh i, wlue h 
tenelency is ctaintt lacde d bvaxving nut aixl seiew jiulluig the ni to- 
gether. The nut anel se^rew' f uriuslu s the me aiis ot \ciy minute .idjust- 
inent cjf the le-gs Ftir pd/hing out wine Is and c e'litic s ge nc i.illy, anel 
for striking- tlxi binallcr curves they are employed m pieleiiiuo to the 
■wing compasse's 

Springer, or Spring Chaplet — A simple diaplet maelc* hy be nding a short 
strip of hoop iron round to form thiee sieles of a reed. in gh It is used 
chiefly for as-^isting to ste.idy the* sides of core.s at a dctiiiitu distain o 
from tho sides of their meiulds or from eacli c^etln'r 

Spring Grinder A gi’mder (q v ) for eme'iy wlueh is m.ido m two 
portions attached to opposite eneis of a metal rod brnt round so as h) 
form a sprmg loop Spring grinders arc used for Upping out c) Imdiic.al 
boles, as well as the outsidies of turned work. 
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Springings — Tliat part of an arch where the intrados (q v ) meets th€ 
abutments (q v ) 

Spring Paul. — A ])aul which instead of pressing downwards by the action 
of gravity simply, in which case it must be placed over its wheel, is 
kept in contact with the wheel by means of a spring The spring may 
be either ( xtc^mal or internal, in the former case ( onsisting ot a strip of 
sheet metal hxod at one end and cxertmg prcssuie at tlio other, or a 
coiled sjiniig cik losed wntliin the body of the paul which by its reaction 
against one of three faces of a triangular pm enclosed in the paul 
centre maintainH the paul in cither one of those three poMitions , though 
the resistinco of the spring is not so great hut that the p.iul can he 
turned round by manual foir e 

Spring Piston — An engine juston fitted with some fonn of spiing ring, 
as distinguished from a solid piston hj \ ) 

Spring Pulley. — A wrought-iron pulhy which is dividtd through the 
boss, and also at a ])oint in the run in line with the joint in the boss, 
in order to jarinitof its being opened or s]>ruug apait sutht lently wide 
to pass over a ( eiitral ])ortion of a shatt It is built up ot wiought 
iron or steel vSei' also Wiought-iion Ihilley 

Spring Ring. — A initallu ring liy wdiKh the piston and the evlinder 
bore of an engiiK' are itiuhTed mutuallv ( lose fitting It some times hts 
botwei'ii the top and bottom jihiti s of the jiiston Tluui it is tumid in 
the fiist ])laee somewhat l.iig< i in dianu U'l th.in that ot the hole of the 
cylind( r, and slit oi i ut in a di igon d diieition and s))iung iinvaids by 
main toK i', and so n diii I'd b) the si/e ot the boie ^\^l< n j>ut in jdac'e 
its elastaity maintains it closi ly fitting agaii •'t tlu' e^lln(h^ l^ore 
Spring rings aie usually a litth' tliakir on oiu' side th.in on the 
side ojq>osit(‘, in oidei to imii.isi* thiir ilislKitv K.nnsbottoin 
rings, usually ot sted, ai(' thinnei than ordin.m s])nng lings, and 
either ioini a hjtii il ot twa» or thus* coiN, oi two oi thii'e p.ir.iti' 
cut rings ai <’ ])Tess( d mto gioo\es tuiind in tin ]>en])h(i\ oi a solid 
piston Spnng’ iings aie also toiei'd outwards 1)\ set m 1 1 w s, w ('dg(‘ 
blocks, «ke Sjuing i mgs aie usualh m.ule in ( ast iron, but wrought 
iron, st»'el, ami gun-nu t.il, an- also emplo\ed 

Spring Safety Valve - A spimg balan((‘ \al\(* (<} v ) 

Spring Swage Tools — d'oji and bottom swages Swagid wliidi are 
eonneeti'd by two ])ai illd handles uniting to loim a sjuing at the end 
farthest away tiom tlu' swage bloc ks, roughly aftir tbetashion ot a p.iir 
of sugai tongs They are used foi li.ind loiging d ietl\ 

Spring Tool —A tuiniiu’- tool used toi taking a tinisbing i ut along a jm ee 
of woik nlieady roughed down iieaiU to si/e It is emvi'd oi aiebed 
upwaids and downwaids just hi bind the eutting edge, and so jiossesses 
n slight amount ot elastn itv or spiing, wbidi, though not couducue to 
aeciiiaey, jiroduees a smooth luid polished suifaco. 

Sprocket — Sei' Spro( ket AVIieid 

Sprocket Wheel, or Pitch Chain Wheel — A chain wheel which is provided 
with j)roji'< tions upon its ]h ll])lu*l^ , wliieli arc so pitihed out that they 
enter into the reci'ssea ot llat link or piti li ihaiiis, and either carry the 
ehain along as the\ rov'ohe or aro tlieinsehcs earned round by the 
nioMiig eliain This is a nuthodfor the convey ance of motive power 
w Inch lias eomo largely into use of late ;v ears where power has to be 
transmitted to a moderate distance. The cham is composed of flat links 
whose sides are formeil of plates of w’rought iron or steel, riveted to- 
gether, the centres of tlio links coinciding m distance apart -with the 
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centres of the projections upon tho sprocket wheels, but the proiectiuns 
tlicmsehes fall into clear inteisi)ace 8 midway between tho centres of 
the pins which unite the links 

Spruce {Abies exceha). — A kind ot deal imported from Norway and Sweden 
See Pine Wood It is usckI foi packing cases and the rougher class of 
work generally 

Sprue — A channel or ehaninds running from an lULrato to a foundry 
mould Also the small runners winch are knocked oil after casting 
Spun Yarn — A 100*5017 spun sott and flexible hempen io])e It is used in 
slinging bodies of light wtight, lot which its lli'Mbility and the easo 
with u hi( li It is mamjnilali d render it very useful It is also used for 
making stiMiii loints, and loi seiMiig ((j v’- ) 

Spur Gearing — (j}e<ning iom]>osed ot combinations of spur vv beds (ft v ) 
Spur Wheel. -A toothed v\he(l v\ hose teeth are on the outei diamet^'i, and 
at right angles with tho vvlieil lace 

Square.- -( 1 ) A rectangle ((( \ } ha\ing four eipial sides ^^hose angles are 
light angles (i) A tool used ioi < hei king tin' acini. u c ot ends and 
edges ot timber or nu't il Si e Set Squaie, Ti v Sipi.iK (<>) The 8 (j[uaro 
ot a numbiT is the prodm t of the numbei multii>lied bv ilsi It 
Square-bar Iron — JVIalk.ilile non ol loctangular lonii, lolh-d to various 
h('ctions in rolls, and used in smiths’ and phibss’ work gi m lally. 
Square-body Valve —A pump-valve whose casing is ot lectaiigular 
shapt'. 

Square Centre — A lathe centre pl.ai'cd in tho p()])pct mandiel, leiMiig its 
end pyr.iraulal inste.id ot (*onn al in toiin It is usi'd loi cutting m the 
( ('utii s ot work rcNolviiig in the l.ithe, the woik being piesscd against 
rh(' sh lip e(lg( s ot th<‘ ( cnti«‘ 

Square-corner Smoothers M.mhh'is’ tools baving two faces at right 
angles witli each other t.ikcn in ( loss siihion, and a thumb bit for Iho 
finger and thumb in tlie mb in il .ingle Used for sleeking tin* ang’ulur 
poitions of moulds Jloth l.n < s m ly be sti. light, longitudinally, or ono 
may he cuived in outline, tho otb« 1 Ixang stiaiglit. 

Squared. — Work is sud to bo sipiaicd when tlie tacos roforred to are 
brought to the exact angle of 1 ) 0 ‘ wutli c'ai h other 
Square-edged Angles. — See Angle Iron 

Square File — A lih* sipiare in cioss sen tion, eommonly t.ipiTod in length, 
sometimes cut on alt four snh *<, soim turn s hiving ono s.ito c*dgi 
Used for cottarways and keywav's, and tor r<‘( l.ingular boles goneially. 
Square-hole Chuck — A lathe chin k nmglily similai bi a cup (buck, l)nt 
haMug a scpiaro tapered hole insb id, m its liont (ud It is made in 
wood or m m«'bil, and used for (bucking rough pie( cs of wood or metal. 
Square Inch. — See Inch 

Square Joint. — The loint plates of a rule which pass straight acro.s 8 tho 
wood instead of being archcid out S('e An h Joint 
Square-nose Tool — Au non turner’s fuushiug t<v»l. So called heu ausc* itc 
cutting edge sbinds at nglit ang-ks with tin* edges of tho shank, and is 
a straig-ht Imo , dLffc'riiig in this fre^m the round-nose tool, which it 
resembles m other respects 

Square Packing. — Gasket (q v ) made mto a square sectional form. Used 
for water jomts 

Square Boot — Tlie square root of a number is the number which, if mul- 
tipbed by itself, W'ould have the square (q v ) for its product 
Square -threaded Screw. — A screw ^0 section of whose threads is rect- 
angular in form. Its pitch is about twice that of a tiiaiigular thread, 
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and its depth of the pitch. Square-threaded screws are used where 
accurate movement and good wearmg surface are required, as m lathes 
and in engineers’ machines generally. Often the points and roots are 
rounded and hollowed to a shght amount. Sometimes also the flanks, 
instead of being exactly square, slope at a slight angle 
Square Tile — A draughtsman’s rectangular palette, having three or four 
slopes or divisions for holding colour 
Square Trowel — A moulder’s trowel whose outline is rectangubir. 

Square Way. — The water passage through tlu- bodv of an oidinary cock 
IS called a squiiie or “ common ” way, to distinguish it from full- water 
way (q.v ). 

Squaring Up — The process of bringing the faces of work into a squared 
(q V ) ])OMt]on with reference to one anoth(*r, •vviili planes, hb's, or 
inacbine < utlcrs , or ihe sc tting of faces already squared, perpendicular 
m relation to some other section of the woik to wliicdi they belong, or 
to the face ol a surface xilato or marking-ott table or bench, m readiness 
for the scrilung off of hncs and dist.iin c s 
Squeezer.- (1) A machine used foi the puiqiosc' of reducing a ball of 
puddled iron to a solid homogcuieous ni iss, by Ihe expulsion of the shig 
and cindcT picjiai .itoiy to rolling it into bars ddie st( am hammer (q.v.) 
isoftcmusecl in ]ir(ltrence to thes(pu*(/er v'cpiee/eis ai e n c iproc al , or 
rotational Sc'e Alligator S<iu(*( /( r, Kotarv Scjuc c /cr (2) Straightening 
Mac hinc'M (q v ) arc also callc d scpiCM /c is, or mjik c zing mac limes 
Squeezing Machine.— Any machine by whic‘h bais oi rails aie bent or 
straightened Thc'ie are H('\cial foima, but thc> c'SMiitial jininqile of 
their loiistriic'tion is 1h.it oi a ram or jiresscr acdu ited by a sc ic'W driven 
by a largo hand when 1, or by a cam mcneinent driven by power and 
pressing against the bar, whose* jirc'ssure is t.ikc'ii by two points of 
support be hind it Sqiiec/ing mac bines fonn a iioition ol the equip- 
mcTit of all boilc'r sho]>s and ot most smithies 
Stable Equilibrium. — Tins revults whe n the c’cmtre of giaMty of a body 
winch IS in aetu.il ocjuilibiium lies m its lowc'st jiosition 
Stack. — A chiTTiney, tliough usuallv apjdied to a stiiicturc built of 
masonry The cdiimiiey of an engine* boiler is made long in stahonarv 
engines for the jiroduetioii ot diauirht, its sliortiiess m loc’cmiotues and 
portables being compensated for bj the utilis.ition of tlie aetion of tlio 
blast. 

Stacking Crane. — A fixed or portable crane used for stacking piles of 
goods or mateiial at wliaivo or in quarnes, and at sheds and sidmgs 
of railway stations 

Stake. — (1) A long taiienng sjuke or bar of rcttanguhir section, of wood 
or iron, usc*d in fouiidiy w’oik When a jiatte.in is bedded in (See 
Podding In) and covered xvith a top part (ej v ) only, the latte: r is 
guided into its pi oper position by se\eral stake's dinc'ii into tlie sand 
of tlio founelr}' floor in uninediato proximity to the lugs which jiroject 
from the bide*s of the box Bemg set for ramming, and reset after 
lifting, cleaning and coring, by me.ans of tlic S'lme stakes, tlie joints 
in tlio mould will correspond. (2) Small anvils ha^'Ulg faces variously 
shaped and usoii by cojipcrsiniths for bonding and raising (q v ) work 
are also called shakes 

Staking On. — A term sometimes aj>plied to the rough method of fitting or 
hangmg (q v.) of wheels on shafts by the aid of keys alone without 
boring or other fitting The eye of the wheel is in such cases larger 
than tlie shaft itself, and several keyways are cut in the eye, the 
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number of keys employed sopplying the means of adjustment. It la 
common in millwrights’ work. 

Stamp. — A die for the moulding of sheet metal into desired form by means 
of screw or hydiaulic pressure Boiler crowns and repetition flanged 
work 18 done with stamps or dies So also is much smith’s work. 

Stamping, or Pressing. — (1) The pioduction of forged work by means of 
dies pressed together either under the hammer or under the hydraulic 
forging pi ess {'I'j The term is also applied to one of the processes in 
the preparation ol tin ores Tin ores aie stimped in a stamp chest, and 
being 1 educed to jiowdei aie earned away by a stream of water into 
reservoirs where the luMvicr ore settles dewn by its greater sp gr , tho 
sand, &G.y being t.iiiied on by tlie stieam ’The dejiosits ot ore are 
tenn(al slimes ((j \ ) 

Stamps — Letteis and figures cut in relief on the ends of short lengths of 
steel rod, and used fur stainpmg initials and words upon patterns and 
machine jiaits, in the former cjisi* with .a view to ready leeognition, in 
thelattd to indicate the contiguous parts m older to facihtate flnal 
re-ert'ction 

Stanchion.— A light column of cast or wionirht non list'd for tlio support 
ot a floor, or to carry hand railing and othtr sinulai light purposes 

Standard — (1) A vertical support used for machintiy, being usually a 
stout cast-lion stiucturo htb'd with bcaiing-s, feet, and stK'iigthening 
ribs or fillets L.athcs, engines, pumps aie built on or bolted to stan- 
dards or upright i rallies (2) Anything of fixed and exact dimensions 
’*vbieh IS ns('d us a test or hasis of final leferc iiee and apjx'al in a work- 
sho]». Standard rules, gauges, tajis, «5Lc , uiu thus presi'rved in work- 
siiojis. (3) A wholesale unit ot me.isim meiit for timber A standard 
of pine timlier 18 equal to 720 ft ot 11 in X *1 m cross section Also 
the standard sizes ot deals, as St i’etershurg, Qiu'hee, &c. 

Standard Rod, or Measuring Rod — A rod ot •well-seaHoiiod yellow pino 
ns('d as a l)as]s and refen'iice for aciunite measunment m a woikshop 
Such rods an* usually niadi' from 5 to 10 ft long, the section of tho 
wood licing about 2 in X - m E.i<h 12-in division is marked on a 
brad's miaul plate Tho end fo<»t is wholly marked on brass, accurately 
divided out into fractional parts as reipured A standard rod is either 
precisely tlu- length, if nqumd for butt measurement (q v ), m which 
case its ends arc protected with steel oi brass Or the h'ligth of the 
rod IS .11 excess, and tho requisite length is marked on brass plates let 
m, fromw'hi(h measurement is taken with trariimels Standaid rods 
are madow'ith metre divisions also 

Standard Rule. — A rule conhiming the diviHions mb) ordinary inches and 
parts Used to distinguish it from the contraction rule (q v ) 

Standing Vice.— See Tail Vice. 

Stand Pipe — (1) A safety valve seating (q v.) (2) Tho pijie which is 

screwed on the top of a hydrant 

Staple, or Dog. — A tool used for clamping timber joints temporarily to- 
gether while being glued or otherwise fastened Its form is that of 
three sides of a rectangle, the free ends bemg pointed. It is made of 
wrought iron or steel rod. 

Staple Vice. — The oidmary form of upright or tad vice, which is stapled 
to a bench and whose leg is stepped into a block on tho floor. 

Startmg Cylinder. — The cylinder of a startmg engine (q v ). 

Starting ^gine. — ^The a inall engine used for starting large mar bit 
engines. 
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Starting Gear. — Any arrangement used for starting engines or machinea 
It consists variously of starting valves and levers or wheels, barring 
engines, link motions, striking gears, fast and loose pulleys, &c , noted 
under their headings 

Starting Lever — The lc‘\ cr attached to a startmg \ alvc (q v ) when the 
latter is of the shding type 

Starting of Hachines. — The strains put upon machines by abrupt starting 
are frequently so great as to become a source of injury to them 
Sudden starting is cpiitc analogous to the sudden stopping of a mass in 
rapid motion, and piodiic es jais, jerks, slipping of belts, and surging 
of parts A machine therefore, ('specially when of a heavy character, 
should bo allowed tune to gain momentum by ha\ing its staiting gear 
put slowly and easily into motion 

Starting Valve. — 'rhe Aalve enqdoyed for admitting steam from the boiler 
or pipes ( ounce ted theievsilh, into the cvhnder or c flinders of a steam 
engine I'he valve may Ix' of the' sliding di^o type moved by a Icwcr, 
or a lift or pujipet globe valve lif tc d by a screw, or a plug valve turned 
with a wheel 

Starts. — Those portions of the buckets (q v ) of a water wlic-cl which 
come next the sole boaids and start Uuk lioin 

Star Wheel. — A small wlus'l furnished with large projecting radial teeth, 
and attached to the end ot a fec'd si lew A jiaul engage s vmUi the star 
wh(*el oiKO dining (>ach revolution, and so feeds the seicw round to a 
detinito amount at eac h jiassing ot tin ji.iul 

Star-wheel Motion. — A teed motnm tmploved for surfacing in lathes 
and boring machine h, thiough the' agt m y of a star vsIuh I (cj v ) and 
BUitahle a(J|unets Tin' cutting tool is<ani('d in a slide moving in a 
plate and actu.iti'd hv tin lecd scic'w atlai bed to the star vs Ik el Tlio 
star vvIkc'I is nio\ed one tooth at (‘.leh nnolutiori ot the boruig hai by 
which it IS curried, tluough the medium ot a juu att.K be d to anv^ con- 
venient position on tlio bed, 01 icst, or lit'ad ot tlu' inai hine When 
the stai wheel is turned tluough the aie lejiic sented by the passing ot 
a tooth, the serew being also earned with it, the slide in winch the 
latter moves, and the cutting tool aho vvhi< h is tixed in the slide, must 
move to the precise amount which is u'gulated by the pitch of the 
wheel tc'eth, and by that ot the si lew thiiad 

Statical Fatigue —The fatigue ul matei nils (<] v ), which results either 
from a purely dead load (q v ) or from a vaiiable load {q v ) 

Statical Load. — A dead load i^cj v ) 

Statical Moments — 'I'lie moments of forces which produce stresses with- 
out causing actual motion 

Statics — The stiidv' ot those forces which act upon stiuctures wntliout 
produeiiig sensible motion, but which induce stiains (q v ) and stresses 
(q V ) instead 

Stationary Engine. — An engine fixed on foundations Tlie reverse of a 
])ortal)le engine (q v ) 

Stationary Hand- wheel Feed — A term applied to the feed of those drill- 
ing machines in which the feed screw is elevated and depressed by the 
revolution of a liaiid vvheid, vvhic li is tuiiicd 111 a fixed horizontal plane. 
Tlie mteiior of the hand wheel boss is cut to take tlio screw thread, 
and 80 forms its nut The wheel is prevented flora rising and fallmg 
by a turned collar embracing its boss 

Stationary Link. — A slot link (q v ) which is not lifted or lowered for the 
purpose of reversing, but in which the pm or die block alone is moved* 
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The link in this case is curved in a direction away from the cran\ 
shaft 

Staunch. — Bneted joint‘d arc rcndi'red staunch or water-tight by caulking 
with a drift (q v ). Platca bolted together are rendeiod sUiunoh by 
caulking with iron borings and sal-aimnoniac 

Stave — The projecting end or porter by which a crank shaft is held 
during the process ot its building up and forging. It is cut oif when 
the forging is complete 

Stay. — (1) A bar which stays or steadies a structure (2) A boiler stay 
(q y ) (3) Also applied to the bars of moulding boxes See Bar. 

Stay Bars — Bars whidi stiffen the roofs of the inside hie l)oxe8 of loco- 
motives They rest edgeways at interv.ils aiioss the n)of, touching 
however, only thiough tlio intervention ol 'wasliers at the two sections 
through wliK h the bolts pass, in order to pel nut of the ciiculatioii of 
the water underneath them See Giidei Stilus. 

Stay Bolt. — Any bolt av I nch stnys or stiheiis an otherwise intrinsically 
weak plate Tlie end flat pl.iles ot the liie boxes of lo(*oinotives are 
furnished with stay bolts (.oniiecting the two oukr and inni'i shells See 
also Boiler Stays The plates of built-up cast-iron watei tanks are 
held against the outward pressure of the watei by stay bolts reaching 
from side to side Side frames of pumps, citib winches, 6>.c , are also 
connected vith stay bolts 
Stayed Link Cham — St i^ Studded Chain 

Staymg. — The attordmg of suppoit to structures inherently weak, by 
means of stays of ^a^lous kinds, as most suitabh' to tlie foims of tho 
structures, and the ])iessuies or strains to ^vhlell they aic* subjected 
JTates are stayed vith ribs, chains aie stiiyc'd with studs, boilers with 
various stays, tanks with tic* rods, gantiies and loofs witli tiusscs , tho 
aiched, clislijjd, and other loinis gi\eu to many stnu tints are with a 
MOW to pioj^r st.iying 

Stay Tap. — A spi-c lully long tap, being from 15 to 20 in in length, though 
sometimes leailiing to 2 or 3 tt Used foi screwing the holies whic li 
i(*ecivo the stay rods in the ends of loeomotiye and marine boilers Its 
lower end is not serc'wed, but tunicjd smooth, in older to nmiiitam the 
tap truly corif entiie with tlie holc*s in both mm r and outei shells. 

Stay Tubes. — The smecko tubes of bcuhrs, which are also made to stay 
the boiler ends by being screwed for the rec ejitiou of back nuts witlun 
and wntliout the end jclates 

Steady. — A piece of mcduinism used h\ wood and iron turners for tho 
purpose ot prei eriting the wobbling of long cylindrieal jnoccs of work 
wdiich are being revohed m the lathe A pnition of the cyliiidneal 
piece 18 turned fiist of all and enclosed in adjustalde hearings m tho 
steady, after w'hich the remaining portion is turned with case Tho 
steady is fixed to the lathe bed by wedgc*s or screws, or else travelled 
with the rest AV’ocxl tuniers use a steady of wood, those of iron turners 
are construc^'^d. of iron Long light shafts are also steadied by a cylin- 
drical body (U nng encu cling them, set with screws and running in the 
hearings of a vertical steady, tho latter being often simply a bit of 
square iron bar bent to the outline of an m verted vfc over tho turned 
portion of the cylinder, and clamped to an angle plate bolted down to 
the lathe lied That form of steady which is bolted to tho saddle of a 
glide rest is also called a followmg rest, or following steady, or back 
steady rest (q.v.), because it follows after or travels along with tho 
work over the newly turned portions 
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Steadying Boiler. — A small roller employed in planing macliines for wood, 
its function being to press the plank or board firmly down upon the table. 
Its position is immediately m front of the revolvmg cutter block. 
Steady Load. — See Dead Load 

Steady Pins — (1) The guide or set pins in the lugs of a moulding box 
by which the box parts are made to coincide Dowels are sometimes 
termed steady pins (2) A stud, pin, or short sunk feather, employed 
for the purpose of preventing a wheel or pulley from turning round 
upon its spindle, is also called a steady pin The pm is made to fit a 
corresponding recess m the ■wheel or pulh-y 
Steam — Water in tljo A’^aporous, or in th^ gaseous eondition Vapour of 
water is given oft at all temperatures, piovided the vapour already 
existing m the atmosphere is not of the same density The diftereneo 
belwa'en vaporous and gaseous steam is, that m the former the particles 
of 'W'ater are in a state of medi.inical suspension, and therefore visible, 
while the lattei is in the condition of a true gas, oi invisible, and its 
pressure and volume arc strictly in inverse relation to each other (See 
Iloyle and Marriott, Law of ) Saturated steam is also invisilde, though 
not ahsoluti'ly in the true gastwus condition It is usual to designate 
that as stc'am only, wlmh is evaporated from th(' surface of -waiter, at 
and above the hoiliiig point (q v ) Sti'um owes its Aaluo as a motive 
agi'ney to its dastic force (q \%) and as a drving or heating agent 
to its latent heat (q a' ) Tlio prcssuie and dcaisitA’’ of stenm alike 
rise with the t(*mp( latnre, and eoiuaisely the ttinpcTature rises \iith 
the pressure' and density But tlcTe is onh’- one prcssuie .ind density 
for any give'ii teinpe'iutuie' , he'iu’e steam, geiu-i ited in eoiitaet AVitk 
water in a elosesl ve'ssel, is at its maximum density and jiiessure 
corrc'Hiionding AMth that temperature, and is them at its point of 
saturation See Saturated Ste'um If, hoAvever, the steam so gene- 
rated be made to re'ce'iA’o increme'nts of hear in a se'iiamte ve'ssel UAvay 
from contact with water, it becomes snpc'i heated (see Siiperhe.ited 
Steam), and appioaedies them to the condition of a perle e t g.is A cubic 
inch of water vaporised at tlie boiling point coriesponding Avith tho 
ordinary atmosjiheric pressure is expanded 1,G12 times Steam of any 
pressure' is oai-iablc of cxjiansion on a reduction of pressure by a irtue of 
its clastic force, and hence its arIuo m the ee'onomv of engines worked 
oxpansive'ly. See Compound Ii^ngme, Abscdiite I’ressure, Higli, and 
Low l^ressurc Steam 
Steam Boiler —See Boiler 

Steam Brake. — A laihiay hiake in aaIikIi the pu ssurc' of st-eam is made 
to actuate the hi ake' moehanism Sue h a hiake is suitable f«»r engines 
and tenders, but not for trains, OAving to the condcnsatiim of th(' ste'am 
Steam Capstan. — A capstan (q v ) w oi kc'd by steam power, actuating a 
small independent x^air of engines, instead of by hand 
Steam Case — An old tenn for steam j.ic'ket (q v ) 

Steam Chamber. — Any reservoir or bh>ro for steam, as the steam room 
(q A*^ ) a superlieating chamber, or steam dome (q v ) 

Steam Chest. — (1) Tlie rc'ctangular case or box attached to the side of an 
engine cylinder, and enclosing the slide valve (q v ) together with a 
portion of tho valve rod. Strips cast upon its edges afford guidance to 
the edges of the valve, and m large engines a facing or rmg cast Avitlim 
its back face maintains the valve in equilibrium See Equilibrium 
Vah^e. Steam chests are almost invariably cast separately from their 
cylinders and bolted thereto, for oonvemence of fittmg up. In the 
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larger chests the back is also made distinct as a separate cover, and 
bolted to a flange on the actual chest, for convenience of examination of 
the valve. ( 2 ) Also applied to the steam domes of locomotive and 
marine engines, the object of \vhich is to dry and superheat the steam 
away from immediate contact with the water. 

Steam Coal. — Coal used in the furnaces of steam boilers. The anthracitic 
coals (q v.) arc the best steam coals, being free burning, non-cakmg, 
almost smokeless, and producing compaiativcly httle ash, they are 
much used for sca-going vessels But the semi -bituminous coals (See 
Bituminous Coal) are those chiefly used as steam coals They are rich 
in hydrocaibons, bum freely, and emit much smoko, but there is much 
^arlatlon iii tlieir composition and qualities. 

Steam Cock. — ( 1 ) The upper of the two tiy cotks(q v )of a steam boiler, 
mIiuIi when open shouLl always piss steam, n('\er w.ater, sineo that 
^^ould show too contiacted steam loom ( 2 ) Ceiieially, any cock by 
^vhieh admission of st('am is rcirulateil 

Steam Coil — A coil of pqies thiougb ’which steam is circulated for heating 
pill jioses 

Steam Corner —The left-hand corner of an indicator diagram, or the 
toiiK 1 whi( h unites the cxh.iust with the lead lino It is not propeily 
a (oinei, but becomes a Hinall ladius 

Steam Crane — A (laiie to which th(‘ motive powaTis supplusl by a steam 
engine, 01 a pail ot engines tuiming a portion ot the ci am', to distinguish 
it tiom a cr.ine ■wa)rked by hand power only Steam is applied to both 
tixi'd and ixn table cianes The iiigines are usually ot the vertical typo, 
and attaf hi'd to the side franu's 8 eoalso Horizontal Ciane. 

Steam Cylinder — Thec;ylindei (q v) ot a steam engine (<1 v ) 

Steam Dome — The dome-shaped stiucture ujion a locomotive boiler whence 
the supply f t'am is taken for the cylindeis The steam is partially 
superhe.ited j jidis thereto! e liottei and driei tliere than it is elsewhere, 
hence tin* tendency to ])i lining (q v ) in the txuler is diminished 

Steam Donkey Pump — A small pump usid for supplying stejim boilera 
with fet d w at( 1 The piston lod ot the sti am cylinder and the ram of 
the pump lire in line, and the connecting rod is nsu.illy of the bow or 
triangular lorm See Bow Connecting liod A fly 'wheel carries over 
the (h'.id ( (litres (q v.) Tlie immp and (ylmder aie attached to a base 
plate which is bolted to the steam hoilii or other convenient support. 
Idieie are iiumeious inoditn ations of this fonii of pump 

Steam Edges. — The outer edges of a slide valve hy which the entering 
steam is cut off 

Steam Engine. — A prime mover whuli is actuated by the clastic force of 
steam urging a piston in a closed cyluidncal vessel See details under 
their headings 

Steam Engine Indicator. — See Indicator 

Steam Gauge. — See Pressure Gauge 

Steam Hammer — A hammer moving vertically in guides and lifted by tlie 
force of steam, actuating the piston of an engine cylinder placed over- 
head on an training. The tup or moving mass and the hammer 
attached to the same, are in some hammers allowed to descend by tho 
force duo to gravity alone, in others tlio steam is introduced above the 
piston also to accelerate their descent. Tho valves for the admission 
and cut oft of steam are under tho control of a lever held by the atten- 
dant The vibration of the blows is received by a massive anvil block 
(q.T.) embedded m the foundations. The weight of a steam hammer ia 
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exprewied by the weight of the piston rod and hammer-head or tup, la 
a nve-ton hammer, for example, five tons would be the total weight of 
these parts. 

Steam Hammer Framing, — A term applied to the framing of ordinary 
inverted cylinder marme engines, on account of its resemblance to that 
of the steam hammer. 

Steam Hammer Type — A term applied to inverted cylinder marine en- 
gmes See Steam Hammer Fraiiuiig 

Steaming — The firing and getting up or generating of steam in an 
engine boiler, in ])reparation for testing or woiking 

Steam Jacket. — An open easing or envelope termed around a steam 
cylinder lor the pur])oseof maintaining the temperature of the cylinder 
as high as that ot the entering steam It is fonned by fitting an iron 
bush or lining iing within the boie of the mam casting, which oontiiins 
the casing, the piston moving within the bush The liner, as it is 
commonly (ailed, fits only foi a short distance in from the ends, 
the steam sjiaec being iormed hv the intermediate recessed portion 
When the v.iii.itions in the teinpfT.ature of the entering* and exhaust 
steam .are not excessive, the st(vini jacket is productive of economical 
working as preventing initial, or subsc(iuent condensation and re- 
evaporution 

Steam Jet — (1) A jet or blast of steam introduced fithc^r into the ash- 
pit or into the body of th<‘ fuel in a g.is produ( er, to ett’cct an economy 
of fiu'l and an im roast* m the volume of the gas produced This it 
ef¥(3ct8 by hecomiug decomposed in contact with the heated fuel, the 
liberated oxygen then combining with the carbon to form CO, anti the 
hydrogen mingling wath the producer gas (2) Also the jet of steam 
sent into the t hiinney ot a locomotive or portable engine boiler through 
the blast pipe (q v j "tor tho purpose of increasing tlie draught 

Steam Joints.— Tho joints made betw^cen the vanons fianges of steam 
pipes and steam connections, as cylinder covers, steam chests, stuffing 
boxes, Acc. Yam, copper wire, india-rnbber, lead, millboard, and 
otlicr substances are used in the making of steam joints 

Steam Lap — The extension of tlie fact^s ot a slide valve beyond the precise 
length wdiich is necessary to cut otf live steam exactly at the termina- 
tion of the stroke of tlie piston See Lap Used m contradistmction 
to Exhaust Laj) (q v ) 

Steam Lift. — A lilt (q v ) actuated by a small steam engine 

Steam Line. — The uj^per straight or approximately straight portion of 
an indicatoi duigiani, which records the mode of entrance of the 
steam into an engine cylinder 

Steam Lubrication. — Engine pnstons and the bores of cylinders require 
lubrication to prevent abrasion of the woikmg surfaces Saturated 
steam (q v ) is in some degree its own lubricant, owing to the presence 
of moisture held m auspeiiMon, but luperheatcd steam (q v.) owing to 
the absence of wati*r, abrades and scores the surfaces of cylinders, 
pistons, valves, and valve faces very rapidly. But all steam requires 
some lubrication, hence it is the custom to feed a constant supply of 
cylinder oil m with the steam, through the steam chest or cylmder ; this 
bemg diffused among the steam, and coming in contact with the wear- 
ing surfaces, prevents the mjury due to friction. 

Steam Lubricator. — A displacement lubricator (q v ). A certain amount 
of steam being allowed to flow into the clos^ lubricator, containing 
oil, 18 condens^ and floats the oil to the surface, whence it paasee down 
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through an overflow pipe to tho parts requiring luhrioation. See 
Impermeator. 

Steam Nozzle. — Tho discharging opening of a steam blast pipe, narrowed 
to increase the force of the jet Applied to the blast pipes of steam 
engines, and to the pipes by which steam is discharged into chimneys 
and furnaces, to increase the rate of combustion. 

Steam Passages. — The steam and exhaust ports of an engine cylinder 
through which the steam obtains ingiess and egress. Tliey should 
bear a constant proportion to tho size of tho cylinder and the rate of 
travel of the piston, together with ample allowance for loss by friction 
due to bendings in the pipes, their size being such that there should 
not be any material diflcreuee iii the prossuie of steam m tho cylinder 
and in the passages An txeess of size should always bo given tluim. 

Steam Pipes. — Tlie pipes which torm tho connections betw(‘en a steam 
boiler and an eiigine, or, geniTally, any pipes through whieh steam 
circulates foi heating or other purjiosos Steam pipes are made ot east 
iron, wrought iron, or coppci. C.ist-iron pipes me used lor somo large 
stationary engines and for heating appaiatus, hut their use iieoossi- 
tatoa tho introduction of exjmiision joints S<‘e Expansion Joint Pipes 
of w^rought iron are used loi small engines, and when no viay great 
length IS required there is no necessity for the introduction of expan- 
sion joints. Coppei pipes are used for marine and locomotive engines 
and tor the best ('ngines in other classes, and hiang usually subject to 
several bendings, expansion takes jdace without damage to the iiipes or 
to their joints 

Steam Ports. — The passages through wdiidi the steam gains ingress to an 
engine cylinder They ('nter the side of the cylinder close to tho end. 
In small engmes they take a curved course to tho v alve face at tho 
centre of the cylinder , m large engmea and in engine's of the Corhsa 
type they pat s out direct. 

Steam Pressure. — The pressure of steam is equivalent to its elastic force, 
and m tho superheated state is m an inverse ratio to its volume. The 
temperature increases more rapidly than tho pressure, hence the 
economy of using steam at high pleasures Sec Jioiler Pressure, Ex- 
pansive Working. 

Steam Pump. — An ordinary force pump driven by a steam engine. Steam 
pumps are usually direct acting (q.v ), hut are made m a very great 
variety of fijrms 

Steam il^versmg Cylinder. — A small steam cylinder whose function if 
the reversal ot the slot link on a large marine engine, for ahead or 
astern movements Sec Oil Cylinder 

Steam Boom — The area include<l between the level of high water and the 
crown of a boiler, and which is occupied by th(‘ steam 

Steam Thermometer. — A thermometer graduated for high pressures and 
attached to a steam pipe 

Steam Tight. — Flanges, moving rods, pistons, and other jointed portions 
are rendered steam tight by various modes of packmg See Packmg, 
Steam Joints, &c. 

Steam Trap. — A piece of mechanism automatic in its action, by means of 
which the water of condensation which accumulates in steam pipes is 
periodically discharged. There are several forms, but the commonest 
18 that in which the water on nsmg to a certain height lifts a float, and 
through its movement opens an escape or relief valve, the float falling 
again immediately that the trap is emptied. 
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Steam Valve. — slide valve, or any valve by means of which steam 
supply is regulated, whether of iiie sliding or liftmg types. A start- 
ing valve fq.v.) or a stop valve (q v.). 

Steam Whistle. — Essentially a keen edge, annular or otherwise, against 
which a jet of steam is projected at pleasure. Various names are given 
to the different whistles accordmg to their shape and tone, as round 
barrel, long barrel, plug, hummer, fog, octave, treble, &c. 

Steam Winch, — A winch (q.v ) driven by steam power, the engines being 
affixed to the outsides of the side frames which carry the gearing. The 
cylinders are usually placed at an angle in order to give as great a 
length of connecting rod as possible 

Steel. — A term of wide application, embracing cast, shear, Bessemer, and 
Siemens’s steels, in their various qu ilities It is essentially a compound 
of iron with carbon, upon whoso pioportions mainly depend the hard- 
ness or soltness of the steel. Tlie mildest steel differs little from 
wi ought iron in respect to the amount of carbon present, while the 
hardest contains somewhat more The propel tics which render steel 
so valuable arc its gre at teaisile strength, cast steel havmg a tenacity of 
fitty tons per squaie inch, and its (‘apaoty for receiving any degree of 
temper rcijuired. Ectails arc furnished under special headings. 

Steel Castings. — These have laigely taken the place of cast iron in late 
years, for jiurposes where stiength and durability aio required. Steel 
castings are made both from crucible cast steel (q v ) and from steel 
made by the ojien liearth (q v) processes, the latter being the more recent 
of adoption, aud also the cheaper The castmgs are made from patterns 
as in ordinary moulding, but the sands aie more silaaous and more re- 
fractory, consisting of mixtuiea of g“anister, and the moulds are always 
dried Steel castings require annealing, and are seldom so clean and 
smooth as those made in cast iron owing to the high tem;j)erature at 
which the metal is poured They aie also more subject to blow holes, 
but are novel theless to be pref cried owing to their greater strength 

Steel Facing. — llefers to the practice of covering, or facing the working 
parts of many pcicussive and cutting tools, whose bodies are made of 
iron, with steid, the metals being made to adhere when at a welding 
lieat Smiths’ anvils, tongs, &c , hammers in general, plane irons, the 
chisels, axes, and a multitude of similar tools are steel faced. 

Steeling. — The facing of wrought-iron work with a thin layer of steel, in 
order to impai t durability, or cutting power thereto See Steel Facing, 

Steel Pulleys — See Wrought-iron Fullcys 

Steel Press. — A hydraulic luess, used lor compressing fluid steel into 
ingots 

Steel Eopes. — See Wire Hopes. 

Steel Eule. — Engmeers’ lules are made of steel, usually being a foot long, 
and containing numerous subdivisions of the inch, ranging from eighths 
to sixty-fourths frequently , also English inches are upon one side and 
milhmetres on the other. Sometmies various drawing scales are also 
included. Special rules are made triangular, and square in cross 
section. 

Steel Square. — An ordinary try square (q.v ) used by a fitter or machinist 
These are usually of small size, the smallest bemg earned in the waist- 
coat pocket, some bemg no longer than 1 J m in the length of blade. 
The Tflades are narrow so that they may pass through cottarways and 
keyways, and similar contracted spaces. Often Qiey contam sub- 
divisions of tlie inch on the blade or stock. 
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exceeds thftt of stad pn^red in any other form and is devckped la 
the act of diawing, siztoe subsequent annealings weakens it. Otiias 
steel wire unannealed was found to have a ten^e strengst^ of 
terns inoh, while when annealed it gave 33*32 tons ozily. Borne 
steel wires have a tensile resistanoe of 90 tons per inch. See Wire 
Hopes. 

Steel Yard, or Boman Balance. — A lever in which the action of two 
unequal parallel forces ranged in positions inversely to their weights on 
opposite si<ks of a third force (the point of support) is taken advantage 
of as a means of weighing objects. 

SteeV Iron. — Cast iron which contmns a low percentage of carbon. 

Steeple Eng^e. — A form of marine engine now become antiquated, so 
cadled bemuse the oonneoting rod passed up above the deck and was 
g^ded in massive A atandards rising to a considerable height. 

Steeples. — Sometimes applied to moulder’s nails. 

Steering. — The same as slewing (q v.). 

Steering Bracket. — A slewing bracket (q.v.). 

Steering Gear.—Slewmg gear (q.v.), or the gear whether hand or steam, 
employed for steermg a ship. 

Stemming. — See Lead Joint. 

Stencilling. — The marking letters and figures on drawings, and on 
portions of wood and metal work for identification, by means of stencil 
plates (q.v.). ^ Small-sized metal and pattern work is often marked with 
stamps (q.v.) in preference to stencilling, as being more permanent. 

Stencil Blatei. — Metallic plates of copper or zinc pierced with the shapes 
of letters or figrures, narrow bridges of metal only bemg left to main- 
tain the bontin.Jty of the plates. The ink or pamt is used thick and 
rubbed on with a stumpy brush, the plate being held closely down to 
prevent the running in of the colour beyond the edges. 

Step. — (1) See Footstep. (2) The distance from either one of the belt 
faces on a ^ed pulley to the belt face of its contiguous step measured 
radially. Hence twice the amount of step will give the exact difference 
in the diameters of the contiguous speeds. Also termed the fall, or the 
amount of fall. 

Step Bearing. — See Footstep. 

Step CKiug^.— A male gfauge turned to several standard diameters. 

Stepped Gearing, or Hooke’s Gearing.— Glaring in which the teeth are 
arranged as though out into successive slices in their breadth, and these 
slices placed at a definite and constant distance behind one another in 
their plane of rotation. The arrangement is made to obtain continuous 
hearing contact between wheels gearing with one another, and conse- 

g uent steady motion. The principle Ims been developed more fully in 
elical gear (q.v.). 

Stopped Pulleys.-— See Speed Pulleys, Step. 

Stepped Back. — A rack in which the teeth are stepxied. See Stepped 
Gearing. Used chiefly for the tables of planing machines. 

Stepping In.-— When the lower end of a abaft or spindle is turned or 
tomed into a step or ehoulde^ shmik to fit into a hole in a base 
plate or other support, it is said to be stepped in, and the proo&u of 
fitting is termed stepping in. 

fiteppinfi Bannd. — ^This is (tften used to signify the dividing round of Ih# 
swot a toothed wheel pattern into equal parte, aooording to the naseket 

A A 



stirrup strap or loop which supports a rod or sjuudle, or any similar 
oh]ec>! in a vertical direction The spindles ot some lever drilling 
m^hines are lifted by means of stirrups which embrace the tops of the 
^indies. 

Stock, — The mass of hard melted caked coal which surrounds the hollow 
incandescent portion of a smith’s fire, and within which his heat is 
localised at pleasure, and from which the fire is fed 

Stock Bail. — Tlio fixed rail at a point in a permanent way, to distinguish 
it from the point rail (q v ) or movable rail. 

Stocks and Dies — The common term for the ordinary dies for screwing, 
which are held in the stock or box provided with lever handles 

Stokehold. — The compartment in wmch the stoking of marine boilers 
18 earned on. Stokeholds are open, when they receive only natural 
draught from above, closed, when they receive all their draught from 
fans. See Closed Stokehold The term stokc^ie is more specially 
apphed to land boilers 

Stoke Hole — The area or enclosure in front of the door of a boiler furnace 
where the stoking is performed 

Stoker. — In the case of small land stationary boilers means one whose duties 
are to attend generally to a steam boiler, feed the furnace fires, maintain 
the water supply, keep the plates properly clean and free from scale 
and deposits of mud, and to see that the cocks and valves are always 
in working order In large land boilers and in marine and locomotive 
boilers the stoker’s duties are of a more restricted character, bemg those 
comprised under the head of stoking, the engineer attending to the 
cocks and valves. 

Stoking. — The supplying of fuel to a boiler furnace, including its proper 
distribution over the grate aiea, the regulation of the draught, perio- 
dical clinkermg (q v ), and the removal of ash 

Stop,— (1) A plain cup-shaped casting used to fill up the socket end of a 
cast-iron water pipe when it is required to be closed. It is thrust into 
the socket and there caulked (2) A teim often used to denote a 
chaplet (qv.) of rectangular section. (3) A bar of wood fitting and 
slidmg closely in a hole near the front end of a bench to receive the 
thrust of wood which is being planed over (4) A block of metal used 
under many modifications, its purpose being to cause the action of a 
machine to cease or to be reversed at a definite imariiiblc position, 
the stop stnkmg or being struck by some piojccting portion of the 
mechanism 

Stop Cook. — (IJ Acock used in steam boilers, whose function is tho shutting 
off and turning on of the steam into tho pipe which communicates with 
tho engine It is usually of a globular shape. (2) Any small plug 
cock (q.v.) used for makmg or closing commumcation in tlie small tobes 
of brass fittings. 

Drill. — A ( rdl provided with a coUar in order to prevent it from 
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peneia^ting beyond a required distance into tbe material upon wbioh. it 
18 bein^ opera^. 

fttop Xotion. — A lever arrangement in punching and bearing machines 
by which the punch or shear can be instantly thrown out of action 
without stopping the machine itself. The acticnof the lever is com- 
monly to interwse or throw out a block along the line of thrust between 
the slide and the punch Also termed disengaging motion. 

Stopper Hole. — The hole in the side of a puddhng furnace just beneath 
the working door through w^hich the rabbh' (q v ) is introduced for the 
purpose of stirring about the iiasty metal 

Stoppenng. — The closing of the mouth of a steel ingot mould when filled 
with molten metal. It is effected by strewing sand on the metal and 
covermg it with an iron iilate, which is then held down with a cross bar 
and wedges. Stoppering is necessary to prevent oxidation and the 
formation of spongy metal, and to preserve the chemical composition of 
the metal intact. 

Stopping. — Material used for the filling up of holes in castings or in 
patterns ; putty, plaster of Paris, chalk, shellac vamish, are used as 
stopping for patterns. See Bcaumontague 

Stopping Off. — The device by which the shape of a foundry mould is 
altered without altcimg the pattern itself ; a loose piece of the desired 
outline being prepaicd and placed in the mould, and the sand rammed 
around it into the new shape rcquiicd. Tims pipes are stopped off 
shorter than their patterns, frames are made shallower than their 
patterns, and, in shoii;, in an almost infinite number of ways, local parts 
are altered and modified The process of filling up pocket prints is also 
called stopping off, or stopping over. 

Stopping Over —See Stopping Off 

Stop Valve. — Stdctly speaking, a valve -with a sliding face, as a sluice 
valve, but usad indifferently to designate any cock or valve which is 
employed to regulate the passage of fluids. See Stop Cock. 

Stop Valve Seating, — The globular stop valve of a Cornish or Lancashire 
boiler is fitted to a seating similar to a safety valve seating (q.v.), and 
employed for the same reason 

Stores. — Stores are either general or special in character. In the general 
stores arc contained all the miscellaneous lighter ai tides used through- 
out the factoiy, as screws, nails, packing, tallow, oil, wire, small rivets, 
soap, &c., &:c., all kept under the charge of a storekeeper, who gives 
them out as needed. The special stores comprise the larger and heavier 
goods. Thus there is a shed or store for bar iron, another for plates, 
another for angles and tees, another for stock castings, another for pat- 
terns, &c., &c., each being under the charge of a man who in lar^e 
works may have his time wholly occupied in attending thereto, or in 
small works may diddo his time among other duties, 

Stourbridge Clay. — A fire clay found near Stourbridge, used for crucibles 
and file bncks. The clay is mixed with ground coke to diminish its 
tendency to contraction when heated. 

Stoves — See Drying Stove, Pipe Stoves. 

Straight Edge. — A parallel straight strip of wood or metal used for 
checking the linear accuracy of work. Straight edges are very difi&cult 
to make in the first instance, and are therefore constructed either in 
pairs or in threes, and checked one against the other in turn. Pairs 
of equal straight edges are termed winding strips (q v ). 

Straightening Xachines. — (1) Machines used for the purpose of straight- 
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ening rails and bars when they leave the rolls of the forge train. The 
machines are like punching machines, a flat block or squeezer taking 
the place of the punch See Rail Straightener. (2) A machine in 
whicm channel, angle, and bar iron are straightened or bent, m boilei 
and smiths’ shops, by squeezing ; hence also called squeezers or squeez- 
ing machines. The bar, angle, or channel to be bent or straightened 
is laid against two blocks which form two points of resistance, on the 
same principle as bending rolls. The force necessary to bend or 
straighten, as the case may be, is furnished by a head situated midway 
between these blocks, and on the opposite side of the iron to be bent , 
the head is moved forward or backward by a cam, or eccentric, either 
driven by power, or bjr a screw if by hand, and being pressed against 
the iron, bends or straightens it aocordmg to the relative positions of 
the blocks and the amount of pressure brought to bear upon the iron. 
Smee it will bend as well as straighten it is also called a bending 
machine 

Straight Link.— A slot link (q V.) in which the amount of movement 
necessary for reversal is divided between the hnk and tlie block. 

Straight Pane — See Pane 

Straight Shank Drill — A drill, twist or otherwise, having a parallel shank 
for use with self -centring chucks 

Straight Shank Beamer. — See Chucking Reamer. 

Straight Taper. — A taper whose bounding hne is a plane, not a curve. 

Straight Way Valve. — A valve whose waterway or passage does not bend 
at a right or at any other angle, but passes through m one plane, or 
straight forward. 

Strain. — The change of form produced in a structure by the action of the 
load. When the load is duly proportioned to the structure an elastic 
strain (q v.) is the result, when the load is excessive the stram accumu- 
lates into permanent set (q v ). 

Strainer, or Wind Bore. — A bulb-like expansion at the termmation of 
the suction pipes of a pump, perforated with numerous small holes, 
which while permittmg of the passage of water prevent the ingress of 
foreign solid bodies. The collective area of the perforations should be 
m excess of that of the bore of the pipe, bemg about equal to 1 J times 
the bore. 

Straining — See Strain. Specifically the tension put upon a foundry 
mould by the pressure of tne liquid metal. It produces lifting (q.v ) in 
some cases, in others rupture of the mould or distortion of the casting. 
It is most liable to occur in deep moulds and moulds havmg large 
Buperflcies. 

Straining Beam. — A strut placed between the queen posts of a roof truss 
to ooimteraot the upward thrust of the principals 

Straining Line. — A fine brass w^ro used by engineers for lining out 
shaftmg and similar work. It is ound on a reel when not m use, and 
servos the purpose of the chalk Ime of the wood worker. 

Straits Tin.— Tm ore from Malacca and Banca. It is the purest ore 
known, and is valued accordmgly. 

Strand. — An aggregation of separate rope yams twisted together in readi- 
ness for the laying of the actual rope. See Hempen Ropes. 

Strap. — (1) A belt (q.v.). (2) An eccentric strap (q v ). 

Strap Bar. — A sliding bar which carries the Mt fork or forks in the 
reversinp^ motion of machines for fast or loose pulleys. It slides in 
guides, m hanging brackets, or other convenient supports, and cords 
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or levers move it endways to a distance sufficient to move the belt from 
one pulley to another. 

Strap Brake. — A brake consisting of a strap of hoo]^ iron enveloping the 
periphery of a smoothly turned wheel, and operatmg by friction ^ono, 
the necessary friction being produced by the tightenmg of a lever. The 
hoop may or may not be lined with blocks of wood. 

Strap End. — When the end of a connecting rod (q v.) has a loose strap or 
loop enclosing the brasses (See Brass) and held m place with a g^b (q.v.) 
and cottar (q v ), the complete fitting is called a strap end. 

Strap Fork.— A belt fork (q v ). 

Strap Pulley. — See Pulley. 

Straw.— Straw is mixed with loam for the same purpose as horse dung 

(q V ) 

Stream Tin. — Alluvial tin ore, which, as its name implies, has been 
washed down by torrents mto valleys. It is therefore less contaminated 
with eartW matters than the mmo tin (q v ). 

Strength. — That property by which a material or structure is enabled to 
resist strains and pressures See details un ler specific heads. 

Strength of Materials. — As it concerns us, is a measure of the value of 
the materials used by the engineer. These embrace iron in its various 
characters, copper and its alloys, timber, hemp, &c. The strains to 
which these materials are subjected are compressive, tensile, and shear- 
ing. See details. 

Stress. — When materials and structures are subj'ected to straining forces, 
those forces are resisted by internal molecular actions called stresses. 
When the straining forces overpower the resisting stresses, the hmit of 
the elastic strength (q.v ) of the material is passed and permanent set 
(q v ) ensues Stresses are tensile, compressive, transverse, shearing, 
or torsional, and these can be reduced to the tensile and compressive 
types simply. 

Stress Diagram. — A diagram drawn to scale in which the strains upon the 
ties, struts, beams, &c , of a structure are represented in a graphic 
manner both in respect of direction a id intensity. The diagram consists 
therefore of lines only, and, being drawn to scale, the exact amount 
of the stresses on each member can be taken by direct measurement. 

Stretcher. — See Stretcher Bar. 

Stretcher Bar, or Stretcher. — A long bar or bolt shouldered near each 
end, and used for the purpose of maintaining frames and side frames 
at a fixed distance apart and perfectly rigid. 

Stretching. — ( 1 ) The stretching of drawing paper on the drawing board in 
readiness for use. It is accomphshed by damping evenly with a sponge 
all its central portions, glumg the edges for about J m. inwards and 
laying on the board. The glue will hold the paper and strain it taut 
as the paper shrinks with drying. (2) Driving bands and cords become 
permanently elongated due to the constant tension which they undergo 
over their pulleys. Ropes and leather bands stretch most. To com- 
pensate for the stretching of cords, tightenmg pulleys (q.v ) are em- 
ployed. Leather bands are purposely stretched previous to use to 
anticipate the inevitable, and to avoid the necessity for relacmg almost 
immediately after first using. See Belt Stretcher. 

Strickle.— (1) A templet by which a founder strikes or works to shape a 
loam core The strickle is usually p^ded in a longitudinal direction 
by a guide iron (q.v.). (2) Any piece of wood out to a special shape 
and used to impart a special contour to a bed of foundry sand, and thus 
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aaye expense in pattern making. The methods of its application are 
very numerous, being adapted to each special piece of work in turn. 

Btrickling. — ^The art of forming symmetrical or almost entirely sym- 
metrical outlmes m sand br loam by the aid of strickles, a practice 
by which the cost of miich pattern making is saved. The strickling 
is effected by means oi ‘ a stoclde or striking board and a guide of 
some form or another, either a vertical bar, an iron guide rod, or a core 
plate or board, as^ay happen to be most convenient 

Striker — (1) Thg) central core or die block upon which a swage tool is 
moulded to shape by forgmg (2) A hammerman (q v ) 

Striking Ge&r — The lever and forks with their essential fittmgs by which 
a belt is'shifted from the fast and loose pulleys belonging to a coun- 
tershaft or a machine. 

Strikixig Knife — A timber scribe (q v ). 

Strlldiig Out. — The drawing out of detailed views of work. Chiefly used 

, in reference to the full-sized working drawmgs of the workshop 

'Striking Screws — The initiation or commencmg of screw thre^ with 
chasmg tools See Chaser 

Striking Up. — Generally used m the same sense as strickling, but the latter 
is frequently employed in the more restricted sense of producmg cores 
and patterns with strickles workmg agamst a guide iron where the 
long^tudmal axis of the core is not m a right line, and the former of 
making cores or other works by the process of striking up straight though 
circular work on a core bar agamst a core board. 

Strip, or Draught. — The taper of patterns for withdrawal from the sand. 

Stripping.— (1) The interposing of thin strips of wood between the boards 
m a pUe of stacked timber, m order to allow a free passage for the air 
between, for the purpose of effectual drying of the boards. (2) The 
damaging or tearmg off of the teeth of wheels owmg to too sudden 
starting or stopping. Wheels not sufficiently deep in gear are liable 
to stnppmg. It is more specially imderstood of the wooden cogs of 
mortice wheels. (3) The removal of the sand from a casting which is 
newly turned out of its mould. 

Stripping Plate. — Stripping plates are plates whose ends are sloped to fit 
the several grooves of mill rolls, bevelled off chisel-shaped to lift or 
clear the bars from the grooves, and so prevent collarmg (q.v.). 

Stroke. — The distance traversed by the rod and piston of an engine or 
pump, or similar reciprocatmg part, or the length of travel of the ram 
of a shapmg machmc, or the arm of a slotting machme 

Strong Iron. — Apphed usually to mixtures of iron of various brands, 
together with scrap iron, effected according to the judgment of the 
fouider, and by which a definite grade of strength or toughness is 
obtained. Strong iron will not be soft on the one hand, nor too hard 
or brittle to be turned and planed on the other. When hammer^ with 
a sledge it will become largely indented before fracture. When broken, 
its crystals will be of moderate size, grey, and somewhat silvery, having 
a large proportion of bright black crystals of uncombined carbon or 
graphite intermixed therewith. Its tensile strength will be high, say 
&om ten to twelve tons per square inch. 

Strong Sand.— Tenacious foundry sand, containing a large proportion of 
loam and horse dung. 

Structural Load. — The load due to a structure itself, as distinguished 
from the imposed load (q.v.). 

Structures. — assemblage of distinct members combined together to 
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produce a specific piece of meolianisin. In estimating the strength of 
structures tiie strams on each individual member and sectional portions 
are taken separately, and also the strains due to the action of certain 
portions on each other due to their mass and leverage, &c. 

Strut Girder — A lattice girder whose top and bottom flanges are united 
bv vertical struts and braced by diagonal braces, or by counter bracing 

Struts. — (1) Vertical or diagonal rods which connect a beam with a truss 
1 od, and through which the strains due to deflection of the beam are 
translated mto those of tension m the rod. In roof trusses, those mem- 
bers which extend diagonally from the beam or from the foot of the king 
or queen posts either to the rafters or to the shoulders of queen posts. 
(2) Generally any member of a structure which is m a state of com- 
pression or thrust, as, for example, the bars of a lattice girder which 
inclme downwards to the nearest pomt of support. The jib of a crane 
IS also a strut. 

Stub End, — A strap end (q v.). 

Stud. — (1) A projectmg pm used as an attachment or centre of motion 
for a lever, rod, or wheel. (2) A bolt or screw havmg one nut only 
Both ends of a stud are threaded, but while one end is tapped into a 
screwed hole, the other is left to receive the tightening nut. (3) A 
circular projection turned on a loose boss or similar loose portion of a 
pattern, and fitting into a corresponding recess of its fellow-piece. A 
stud is therefore a smgle dowel. (4) A form of chaplet having basal 
plates and disc -shaped heads. 

Stud Block. — A rectangular block used for the purpose of screwing a stud 
(q V ) into its hole. The block is screwed internally throughout its 
length , the lower screwed portion fits easily over the standard size of 
screw for which it is designed, and the upper part receives a set screw 
whose point bears on the end of the stud which is bemg screwed in, a 
spanner fitting around the outside of the block imparting to it the 
necessary circular motion. Smee the block fits the screw loosely only, 
a turn of the hand alone is suflicient to run it back off the stud after 
the screwing m is completed. Stud blocks are kept for all the ordinary 
sizes of screws in workshops, and tho trouble of usmg lock nuts for the 
screwmg m of studs is avoided by their employment 

Studded Chain, or Stayed Link Chain — Cham whose links are stayed in 
the centre by a short stud or connecting piece welded m one with them. 

Stud Print — A round prmt set in position with a circular stud fitting 
into a corresponding centre-bit hole, instead of being attached with 
brads or screws. Stud prints of various diameters, but whose studs are 
uniform in size, are therefore readily interchangeable on patterns. 

Stud Wheel. — ^Thc wheel which revolves loosely on the stud or inter- 
mediate pm of a screw-cutting lathe, or the idle wheel of the tram. 

Stuff. — A workshop term which denotes timber in general, as dry stuff, 
wet stuff, cross-grained stuff, &c. 

Stufidng Box. — A recessed chamber through which the rods of pumps and 
steam pistons pass, being surrounded therein either with hempen, 
metallic, asbestos, or other packmg, to prevent the leakage of the fluid 
or the steam. The packmg is retained m place by the screwmg down 
of a gland (q v.) thereon 

Sucker. — The bucket of a lifting or sucking pump. 

Sucking Pump. — See Suction Pump. 

Suction. — ^The drawing of air or liquid into a vacuum, the entry being 
due to the difference in pressure 
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Saetlon Box. — ^The lower or entering chamber of a snotion pump, or of a 
series of two or three throw pumps, into which the liquid is drawn on 
the upward stroke of the piston. 

Suction Pipes — The senes of pipes through which liquids are drawn up 
by pumpmg machinery. 

Suction Pump — A hit pump which depends on atmospheric pressure 
for its action. The atmosphere will sustain a column of water 32 ft. 
in height, and this therefore is the limit to the depth from which a 
suction pump will draw water. When the water is drawn into the 
barrel by suction, the descent of the piston allows it to pass through the 
bucket valve mto the upper part of the pump, whence it is lifted out 
and dehvered on the upward stroke of the bucket (see Pump Bucket). 
Actually a pump will not lift from a greater depth than 28 ft. owing to 
defects m fittings causing leakage, and 25 ft. is about the limit in 
practice But less lift tlian this must be given if the pumpmg is to 
be continuous. 

Suction Stramer. — See Strainer. 

Suction Valve.— The lowermost valve in a' lift pump, that is below the 
bucket through which the hquor is lifted by the suction of the vacuum 
above, or in other words by the pressure of the atmosphere beneath 
acting against the vacuum above. 

Sudden Grip Vice. — See Instantaneous Grip Vice. 

Sudden Load — An impulsive load (q v ). 

Suet. — Used for the lubrication of engine cylinders and bearings; it is 
also rubbed over bright parts to preserve them from rust. 

Suet Lubricator —A tallow cup (q.v.). 

Sugar Loaf —See Thimble. 

Sullage — The scorise, cinder, scurf, dirt, &c., which floats on the surface 
of, and is skimmed off the metal, while it is being poured mto a foundiy 
mould. 

Sullage Piece — Sometime apphed to a runner (q.v.) or to the head metal 
(q V.) of a castmg. 

Sulphate of Copper. — See Margery’s Fluid. 

Sulphate of Lime. — Ca SO 4 . A compound which ranks next to the carbon- 
ate as a destructive agent in the incrustation of steam boilers. It loses 
its solubility beyond 96° F., being altogether insoluble at 290°. See Soda. 

Sulphur — Symbol, S. ; comb, weight, 31*98. An element which plays a 
most important part in the preparation of iron. Its presence, whether 
in wrought iron or steel or cast iron, is in most cases an evil, affecting 
the qualities of the metal. A \ery small proportion of sulphur wifi 
make cast iron harder and whiter. In excess it produces icd shortness. 
A mere trace of sulphur m wrought iron or steel will produce red shoii:- 
ness Pig iron which contains near *03 per cent, of sulphur is not 
suitable for conversion into Bessemer or Siemens steel. The value of 
coke ns a smelting agent, or for remelting iron m tlio cupola, is also 
diminished by the presence of sulphur. 

Sump. — The lower part of a sinking pump (q v,). 

Sun and Planet "Wheels. — A substitute invented by "Watt for the engine 
crank. It consists of a cog wheel fixed at the end of the connecting 
rod, whose centre occupies the place of the ordinary crank pm, llie 
centre of this wheel is maintained equidistant from the centre of another, 
or ** sun,” wheel keyed on the fly-w’heel shaft. As the planet wheel is 
carried roimd the sun wheel, the latter is compelled to revolve, and with 
it also the shaft which carries the fly wheel 
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Sun Copy.— A term often used to designate a phototype (q.T.). 

Sunk Key. — See Feather. 

Snper Elevation. — The amount by which the outer rail of permanent way 

. 18 elevated above the inner one when carried round a curve. 

Superheated Steam. — Steam m tib.e gaseous state, produced by imparting 
additional heat to saturated steam (q.v.), or else by expansion. It is 
brought to this condition by being passed through a superheater 
in which the suspended moistiire is driven off by removing it from con- 
tact with the water, and by the apphcation of heat combmed, so as to 
render its condition very nearly that of a true gas. If superheated 
beyond a few degrees the steam corrodes away the metallic surfaces 
with which it comes in contact in a rapidly destructive manner. 

Superheating — See Superheated Steam. 

Superheating Surface.— The amount of surface in a steam boiler to which 
steam is subject to dry mg or superheatmg (q v.). 

Super Koyal Drawing Paper. — Measures 27 m. by 19 J in. 

Super Salted Water.— Sea water which contains more than or 8 oz of 
salt to the gallon, and from which therefore the brine should be blown 
off to prevent injurious incrustation. Sec Two Salt Waters. 

Supplement of an Angle — Its difference from 180°. 

Supply Steam — Enteiing steam, or that which is about to do work in an 
engine cylinder, as distinguished from exhaust steam (q.v.). 

Suppression — The cut off (q v ) of steam in a cylinder. 

Surface Blow-off — The blowing off of the scum which collects on the top 
of the water in a boilei . 

Surface Chuck — A face plate (q v ). 

Surface Condensation. — Condensation of steam effected in a surface con- 
denser (q V.) as distinguished horn that effected by a jet condenser 
(q V ). 

Surface Condenser. — The modem form of condenser, in which the steam is 
brought into contact with the outside of a number of small brass tubes 
enclosed in a cast-iron casing, through which tubes a circulation of cold 
w^ater is maintained by means of a circulating pump (q v ). The steam 
is thereby condensed effectively, and the warmed water 01 condensation 
is sent to feed the boiler. 

Surface Gauge — A scribing block (q v ). 

Surface Plate. — A plate of metal which has been brought to the highest 
possible deirrec of superficial accuracy, and which is used for the pur- 
pose of testing the truth of w ork m course of preparation. Sir Joseph 
Whitworth oiiginatcd the modem method of the manufacture of surface 
plates by the finishing operation of scraping (q v.), previous to which 
tliey had been ground by means of emery powder. Surface plates are 
made in numeious sizes for w'oikshop use. They are rendered rigid 
wdth ribs underneath. A good pair of surface plates should be sepa- 
rated w’lth difficulty after being rubbed together. Professor Tyndall 
attiibiites this property of adherence to molecular attraction, due to the 
ex ti erne jiroximity of the particles. That such is the cause, and not, as 
was previously supposed, the pressure of the atmosphere, there can be 
little doubt, since the plates will adhere if placed under an air pump 
vacuum. 

Surfacing. — Surfacing signifies the transverse traverse of a slide rest, or 
its motion across the bed for face work. Hand surfacing is effected by 
the screw and handle which actuates the slide for cross travel, but in 
the larger lathes which are provided with a back shaft the surfacing is 
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automatic, being effected by gearing or by friction cones diiven from 
the back 

Burffioiiig Lathe. — All ordinary engineers’ lathes are surfacing lathes, but 
it & customary to give a lathe that appellation in specifications, to dis- 
tinguish it from special lathes m which bormg only, or some such single 
set of operations are performed 

Surging Drum — See Warping Cone. 

Suspension Links — Two parallel flat rods or plates, by which the slot links 
(q V.) of an engine are lifted or lowered for reversal, one end of the 
pair being loosely attached to the tail of the slot link, the other end 
being attached to a short lever keyed on the weigh shaft. Also called 
vibrating Imks from the manner m which they vibrate with the slot 
link when the engme is working When placea m a horizontal direc- 
tion they are frequently termed drag links. 

Swab — See Water Brush 

Swab Pot. — See Water Pot. 

Swage. — A die used for imparting any desi^d shape to a piece of forging. 
It consists of a lower piece fitting into tne anvil, and an upper piece 
held by the smith, between which the metal to be operate upon is 
wrought to shape. Called also top and bottom tools. See also Sprmg 
Swage Tools 

Swage Block — A rectangular block of cast iron used by smiths. It is 
pierced through its central portions with numerous holes, both round 
and square in section, for the reception of work which requires shoulder- 
ing, while its edges are grooved, m various sectional forms to receive 
pieces of forging too large for the ordinary bottom swages. 

Swage Tools — See Swage 

Swaging. — The drawing down of a piece of wrought metal to a definite 
form, with or without the aid of swages The reverse of upsetting (q v ) 

Swarf. — (1) The particles of metal abraded by the cuttmg of screw 
threads (2) See also Wheel Swarf. 

Swash Plate. — A circular plate attached to a shaft, the face of the plate 
being at an angle with the axis of rotation of the plate The plate 
therefore imparts a reciprocal movement to a rod which is m contact 
with its surface 

Sway. — The lateral vibration of a rope or belt due to want of accuracy in 
the pulleys, or to their bemg not m plane. 

Sweating On, or Sweating. — The soldermg of metallic surfaces without 
the aid of a copper bit. The surfaces are cleaned, heated, and covered 
with a film of solder ; they are then brought mto juxtaposition and 
warmed until the solder flows and umtes. Sweating on is often em- 
ployed for the temporary holding together of work which has to be 
turned or shaped, and which could not be so conveniently held by other 
methods. After having been turned or shaped, the separation of the 
parts is readily effected by the aid of heat 

SwediBh Iron.— Swedish bar iron is chiefly in request for the manufacture - 
of crucible cast steel (q v ). It is produced from iron smelted from 
magnetic ores nearly free from sulphur and phosphorus, the smelting 
bemg effected by charcoal The Dannemora brands are the Hoop L » the 
DouUe Bullet, W and Crown, Hoop p and Little S» and Gridiron 
brands Swedish pig is cast in iron moulds, in rectangular slabs 
16 m. long X ^ in. mde X 2J in. thick. 

Sweep. — ^Any portion of work whose outline is curved is said to be 
sweeped. Sweeps, that is short sections of circles, are commonly used 
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In the foundry for sweeping up entire rings, the segment being rammed 
up and shifted round several times in succession until the ring is 
complete 

Sweeping ITp.^S^g (<1 ^ loam or green sand. 

Sweep Saw. — See Bow Saw, Compass Saw, Pad Saw. 

Swell Piece. — Any flat piece of material which has its outer face curved. 
A term common in the shops 

Swing. — ^The swmg of a lathe signifies the size of the piece of work which 
can be turned in it Its dimensions are usually given m the gap, over 
the bed, over the rest or carnage, and between centres. 

Swing frame. — (1) The frame which carries the row of saws m a recipro- 
cating or frame saw It is made of cast or wrought iron, and works in 
vertical guides (2) Swing frames are besides of wide application, 
bemg used in nearly all those cases in which the bearmgs of a piece of 
mechanism are required to be free to move relatively to other portions. 

Swing Sledge.— See About Sledge. 

Swing Table. — The table of a dnlhng machine which is made to swing 
or swivel around the central pillar, or frame work, as the case may be, 
in order to brmg any desired portion of the work underneath the drill. 

Swipe. — A term used m some districts to sigmfy the startmg lever of an 
engme, chiefly of the portable type. 

Switch. — See Point. 

Swivel. — ^A provision made by means of a shank and collar for circular 
movement Crane hooks are thus made to swivel, the shank of the 
hook turning in a collar formed m the eye Moulding boxes swivel 
upon shanks, or pins, cast m their ends. Swivel motions are employed 
in many parts of machmes. 

Swivel Hook.— See Swivel 

Swivel Jaw.— See Taper Vice. 

Swivel Union. — A union (q.v.) which is provided with an indepen- 
dent movement by which it may be swivelled when the parts are 
screwed up. 

Swivel Vice. — A bench vice which is made to swivel in a horizontal plane 

Symbols.— Letters representative of numbers, or quantities, used m mathe- 
matical calculations. 

S 3 nnmetrical Beams.— Beams whose centre of gravity corresponds with 
the centre of their mass. 

Syphon Lubricator. — A type of lubricator in which the oil is fed slowly 
to the bearmg by cotton wick or cotton tape inserted at one end mto the 
oil, while the other bends over and down to the bearmg. The principle 
is of veiw wide application. 

Syphon Oil Cup.— ^ Svphon Lubricator. 

Systems. — Alludes to the various types of bracing and counter bracing 
adopted m diflerent girder frames. 


T. 

6. — The Greek letter Theta is usually applied in engineering formulae to 
denote the measurement of an angle, whatever angle may happen to be 
under consideration in the formulae. 

Table. — ^Applied to the horizontal portions of machines upon which the 
work to be operated on is placed, as m planing, shaping, slotting, and 
Other machines. 
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Table Eng^e. — A type of vertical engine, once very common, in which 
the cylmder stood on a table or plate of metal, and the crank and fly* 
wheel shaft worked in the top of A standards 

Table Feed. — When a shaping machine has a fixed instead of a traversing 
head (q v ), the traverse is imparted to the table , hence called a table 
feed, to distinguish it from the feed given to the traversmg he^d m 
that type of machine 

Table Moulding Machine. — A wheel moulding machine (q.v.) in which 
the flask is rammed on a revolving table, as distinguished from those 
machines which are set in the floor The table machines are used for 
small work and work of an average size, the floor machines for the largest 
wheels 

Table Saw. — A compass saw (q v ). 

Table Vice. — A small vice for light work, attached to a table or bench by 
means of a screw underneath, which tightens up a triangular pointed 
clamp against the under side of the table 

Tackle or Lifting Tackle. — A term applied to the combinations of pulleys 
used for hoistmg purposes in the erection of heavy work, and embracmg 
blocks, chams, and similar attachments 

Tail. — (1) The hinder part of a portable crane upon which the balance 
box rests. (2) The vertical support of a tail vice (q v ) 

Tail Piece — A short double -flanged casting, bolted to the bottom of the 
suction box of a pump for the connecting up of the actual suction pipes. 

Tail Pace. — The channel which conducts away the tail water (q v ) from 
a water wheel. 

Tail Screw. — A screw situated at the hinder end of that which it actuates. 
Hence the back centre screw of a headstoek, and the screw which actuates 
a poppet cylinder are termed tail screws See Tail Stop Screw. 

Tail Stock. — Another name for the poppet (q.v ) or movable head of a 
lathe It is used in contradistinction to head stock 

Tail Stop Screw. — The back screw of the headstoek of a back- geared 
lathe. It has a flat or slightly rounding end, which receives the thrust 
of the tail end of the mandrel. 

Tail Vice.— The ordinary form of vice for general and rough work, which 
18 partly attached to the bench or to a tripod stand, but whose tail or 
vertical support rests in a block of wood or other attachment, either on 
the floor or on the tnpod base. It is sometimes called the standing 
vice. 

Tail Water. — The water which flows away from a watei wheel or turbine 
after having done its work, or the waste water. Called also tail race 

Taking Up.— (1) A shop term which signifies the making of adju.stment 
for wear. It is nearly, though not quite, equivalent in meaning to 
tightening, but is rather applied to smooth bearing and moving parts 
than to parts tightly bolted or wedged together. The term is legiti- 
mately applied to trio closing up of strap ends of connecting rods, the 
cone bearings of lathes, diiided brass bearings, compensating collars, • 
&c. It is accomplished by means of set screws, gibs and cottars, lock 
nuts, &c. See Wear. (2) Also applied to tlie shortening and rolacing 
or resplicing of belts and ropes which have become stretched by use. It 
is then termed taking up slack. 

Taking Up Slack. — See Taking Up. 

Taking Up Wear.— See Taking Up. 

Tallow. — Used for ^e lubrication of engine cylinders, ns a flux for solder- 
ing lead, for coating bright work to prevent corrosion, and as an anti- 
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incrustation agent in steam boilers, which it effects by uniting with the 
salts of lime to form an insoluble soap. Its employment for the latter 
pur^se is, unless performed very judiciously, a practice to be strongly 
condemned. It is sometimes forc^ into a boiler by means of a syringe, 
in order to prevent pruning (q v ), which it does by forming a scum on 
the surface of the water Tallow should not be used for the lubrication 
of engine cylinders unless of the very best quality, since with high- 
pressure steam it becomes partially converted into oleic or stearic acids, 
which corrode the iron away m the piston, cyhndors, and steam jomts, 
and around the bolts. 

Tallow Cup.— A hollow cup-shaped vessel screwed in the upper part of 
an engine cylinder to hold the tallow or oil used for lubrication. It is 
provided with either one or two cocks. 

Tallow Injector. — A syrmge used for injecting melted tallow into marine 
and other boilers for the prevention of incrustation. 

Tamping. — (1) A moulder’s term which signifies the ramming up of the 
sand round a pattern. (2) Stopping the tap hole (q v ) of a cupola with 
clay The term is derived from the beating down a charge into a hole 
in blasting and mining operations. 

Tan.— The Tangent of an angle or of a circle. 

Tandem Engines. — Horizontal engines of the compound type in which 
the cylinders are placed in the same longitudinal axis, so that the 
piston rods are m one length. 

Tang. — The shank of a cutting tool, or that portion which is driven mto 
the handle. This portion is not hardened. 

Tang Chisel. — A chisel havmg a tang, as distinguished from a socket 
chisel (q V ). 

Tangent Screw, or Tangent Wheel. — A worm or endless screw of fine 
pitch, consist.ng either of multiple or single threads, and so called be- 
cause its axis stands at a tangent with the circumference of the wheel 
which it drives 

Tangents, Lines of — See Sines, Line of 

Tangent Wheel. — A worm or tangent screw (q v ) 

Tanite. — A manufacturer’s term given to a certain class of emery wheels. 

Tank. — A receptacle for liquids, made in wrought and cast iron and of 
various sizes, the larger sizes bemg made of separate plates riveted or 
bolted together. Cast-iron tanks are caulked with iron borings and 
sal-ammoniac, sometimes from within, sometimes from without. See 
Tank Plates The sides of large tanks are stayed against hquid pressure 
by means of stay bolts or tie rods 

Tank Base — water tank bed plate (q v ). 

Tank Engine — A. locomotive engine which is provided with a tank for 
the conveyance of its own water, thus dispensing with the ncKJcssity 
for a tender. Tank engines are of side tank, or saddle tank type, 
according as the tanks fiank or arch over the boiler. 

Tank Plates — The plates of which cast-iron tanks are constructed. They 
• are rectangular in form, with flanges cast aroimd the edges and stand- 
ing at right angles with the plate for bolt attachments. Since the 
difference m hquid pressure on the sides of deep tanks near the surface 
and near the bottom is very considerable, a corresponding difference is 
commonly made in the thicknesses of the upper and lower plates ol 
deep tanks, or tanks consistmg of two or more tiers. See Tank. 

Taxmio Acid — Substances containing tannic acid are in request, beii^ 
found useful for the prevention of boiler incrustation, the tannio add 
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combizuii^ witih the lime to form tannate of lime. This is an insoluble 
ficum which is blown off. Oak bark is the substance commonly em- 
ployed, being suspended withm the boiler. 

Tap. — (1) A male templet screw used for cutting threads in holes. Taps 
are tapered for entenng, and stump or parallel for finishing. Taps for 
ordinary work are cut to common' Whit woith threads , gas taps have a 
finer thread Taps are actuated by a tap %vrench, or by sceewing 
machines Tliey are grooved, and relieved. Using a lap is farmed 
tapping or screwing. See details under these and other headings. 
(2) A term employed m reference to the opening of a hole in a melting 
lumace through which the liquid metal flows See Tap Hole 

Tap Cmder. — The slag or refuse of puddling and reheating furnaces, 
consisting of a ferrous silicate, or a silicate of the protoxide of iron, 
2 Fe 0 Si O 2 , which, after a roasting process, becomes converted into 
Fea O 3 and Si, the ^roxide or feme oxide, and silica, both highly infu- 
sible substances This, under the name of bull dog (q v ), is used for 
the bottom hmng of puddhng furnaces. It is coveied with puddleis’ 
mine (q v ). 

Tape. — See Measuring Tape, Cotton Tapes. 

Taper. — fl) In a foundry pattern, is the bevelling or thinning downwards 
of the faces which are to draw or lift from the sand, in order to facili- 
tate their withdrawal. In deep patterns this tapei will bo from I in. 
to J in ,"that is the bottom edge will be J in or in thinner than the 
top. Also termed draught, and strip (2) The slope of the cylindrical 
plug, and seating of a cock. It varies from one in four to one in six 

Taper Belt Joint — A joint made in cotton belting by cutting off the plies 
at different lengths to thin the joint down, and so prevent jumping of 
the belt when running 

Taper File. — The commonest form of file, in which the dimensions of the 
cross section dimmish towards the point. 

Taper Ping.— See Plug 

Taper Beamer — A reamer whose body is tapered longitudinally for clean- 
ing out tapered holes 

Taper Screw Chuck, or Screw Worm Chuck — A form of lathe chuck used 
for turning wood, in which the trouble of attaching it to the Avork with 
ordinary wood screivs is saved by h aving a taper screw affixed to the 
centre of a small face plate and standing out therefrom, to which the 
piece of wood to be turned is screwed These chucks are restricted 
m use to small work, and that also which is chiefly cut plank way of 
the grain, since the screiv sti ips out end gram if much pressure is applied 
when turning 

Taper Shank Brill — A drill, twist or otherwise, vhosc shank is tapered in 
its length, and circular in section, for use with the ordmaiy drill spmdles 

Taper Shank Beamer. — A reamer (q v>) Avhosc shank is tapered similarly 
and for the same reason as a taper shank drill (q v ) 

Taper Tap. — A tap (q v ) tapered m the direction of its length, in order to 
afford facihty of entrance and ease of cutting when commencing th'^ 
cutting of a screw thread in a drilled hole. The tap, by reason of its 
taper, cannot cut at its lower end, but only near the upper end or shoulder. 
Hence its function is to initiate a shallow thread only at the top of tho 
hole, and so prepare the way for the plug or finishing tap, which is 
parallel throughout 

Taper Turning — See Conical Turning. 

Taper Vice. — A vice provided with an attachment for holdmg tapered 



MECHANICAL ENGINEERING. 


m 

work. It usually consists of a loose jaw piece rounded on the back^ 
and movable m a correspondmg hollow seatmg on the fixed jaw, by 
which means it is capable of a slewing movement to adapt it to dif- 
ferent angles. 

Tapes —See Cotton Tapes. 

Tap Grooving — The cuttmg of the grooves or flutes in taps (q v.) by 
means of which their cuttmg edges are imparted The process is usually 
accomplished iii a milling machine (q v ) 

Tap Holder. -^The contiivance by which the taps are held m a screwing 
machine. 

Tap Hole — (1) Tlie hole in a blast furnace or cupola through which the 
molten metal is allowed to flow into the mould or ladles See Bott 
Stick, Tapping (2) The hole in the bottom of a casting ladle (q v ) 
for the discharge of the metal 

Tappet — (1) The adjustable pin or stud bolted on the edge of a metal 
planing machine, and which through a series of levers and rods reverses 
the motion of the table (2) The cam teeth, or wipers, on the wheel of 
a tilt-hammer are also called tappets. (3) The valves of Cornish engines 
are actuated by tappets. 

Tappet Motion — The feed motion derived fiom the action of a tappet 
(q V.) as distinguished from that of a paul, a screw, or other agency 

Tapping. — Signifies the opening of the tap hole in a cupola or melting 
furnace, through which the molten metal finds egiess into the ladle or 
mto the mould, as the case may be It is closed with fire clay during 
the intervals of tapping. See Bott Stick (2) The art of screwung a 
hole with a tap 

Tapping Bar. — The pemted bar or bott stick (q v ) employed for tapping 
out the molten metal from a cupola. 

Tapping Hole. — (1) A hole drilled to the same diameter as the bottom of 
a screw thread, or twice the depth of the thread smaller than its nominal 
size, thus leaving metal for the tap to remove. (2) A tap hole (q v ) 

Tap Plate — A screw plate (q v ). 

Tap Wrench. — A double and equal armed lever used for the screwing of 
taps A square hole pierced thiough the centre of the bar fits over the 
neck of the tap and gives sufficient grip to turn it by 

Tar — Is used in foundries for imparting a haid preservative skm to the 
surfaces of loam patterns and sometimes of cores. See also Anhydrous 
Tar Archangel and Stockholm tar are used lor hemp ropes 

Tarred Hopes — Ropes made of hemp, usually Russian, and steeped m 
tar, as distinguislied from Manilla or white ropes. 

Tar Varnish — Bitummous pamt (q v.) 

Teak — (1) There are two woods thus designated, the one the African 
oak, tne other the Moulmem or Indian, the true teak. The latter is the 
one which is chiefly m request for engineering works It is the wood 
of Tcctona grandxs, found in the south-eastern parts of Asia and the East 
Indian Islands, Ceylon, Malabar, and Java. It is of a greasy nature, 
and therefore docs not corrode iron in contact with it. It contains 
silicious matter which dulls the edge of cutting tools It is of a light 
brown colour, shrinks little, is durable, straight and rather open grained, 
stands heat well, and is not attacked by insects A cubic foot weighs 
46 lbs. Sp. gr. *74. (2) African oak or African teak is beheved to bo 

the product of OldfieUxa Afixcana, of the order Euphorbiaccse. It is 
harder, closer gramed, and heavier than the Indian teak. It is about 
as heavy as water, its sp. gr. being *993. 
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Tedge. — An ingate (q v.). 

Tee. — Boe Tee ripe 

Tee-headed Bolt — A bolt whof»e hcarl is formed of a transverse piece, eo 
that with its b(Kly it makes the outline of a letter Y The pieco which 
forms the upper bar fits into a recessed or undercut X ®lot, whose over- 
hanging edges furnish the necessary resistance to the force requisite for 
tigh timing up Tins form of bolt is used where adjustability is neces- 
sary, the l>olt sliding into any position witlim the range of the tee s^ots. 

Tee Ironf. — Itolled wrought-m>n bars whoso section is that of a letter Y* 
'riioy arc universally employed ui miscellaneous engineering built-up 
constructions, as bridge, girder, and roof work 

Tee Joint — A welded joint emplovcd for uniting pieces of bar iron stand- 
ing at right angles with i-ach otner The end of the bar wbieh forma tlie 

vertical part of the tc‘0 is spread out, and set down or fullered cross- 
ways, aud laid upon a similar set-down and fuUertKi portion of the face 
of th(' trans\(Tse bar 

Teem, or Teeming A tc'rm apjdied t/) tho pounng of metal, or to tbo 
ajipearaiiee which it presents on henng run from the furnace, or ladle, or 
eriieible Thus it is said to tc‘c‘in “dead ” or “ her}',” aei'ordmg to its 
sluggish or active app<*aran( e The tc im is chiefly used bj stc'cl makers, 
who “team,” not pour, their ingots. 

Teeming Sjhi Teem 

Teeming Hole.— One of tlic hoh*R or pits in the floor of a sUcl melting 
house, in which the moulds for the rect ptioii of crucible cast steel or 
fill ingot moulds an placed 

Tee Pipe. A bramb pipe, tlie brain b of wbnh comes out of the main 
pipe at right angles, similar t) a h IUt Y Tc*' pip*s an^ usually made 
with soikct and sjugot. ConncHJtions through flanged tees are also 
made 

Tee Keet. — Tlie ordinary rest for liand-tiiniing, so called fiom its re- 
senihlance t) the letb r Y 

Tee Slotl. — Slots or gnH)\es ( ast m the tables of planing, shaping, slotting, 
and drilling nuuhiin's for (arr}ing the heads of ti‘e-headed bolts (q v }. 
Tee slots should preb'rahly Ik' plaiRsl on tlu ir inner wlges 

Tee Square. — Atr}ing sipiare fonutsl m the shape of the letter Y» 
vertuml portion Isang tho blade, the transverse bar tho stock. Used 
chiefly in tlio draw ing office 

Teeth— The proiiH'tions on tlio ix'riphcnes of cog wheels and ratchet 
wheels Bee Wund Tet'th 

Teleioopic Boiler. — A IkuUt m which Uie rings forming the barrel arc 
tajvnnl in diannter, that the tnins\erse joints or M*ams fit with- 
out aud w ithin in suci'C'ssion The sliells of most Cvimisli and Lan- 
easliire boilers an" Uius newle 

Teleioopic Pipe.- A pijx' witlim whosi^ upp r end the last of a scries of 
dwp-well pipes slides It is uscxl in dtvj^-wtll pumps to pt‘rmit of 
inouerato adjustment of tlie length of tlie senes. It is sometimes termed 
a tdosci^pic suction slide 

Teleaoopio Bhafl.— Telescopic Shdo. 

Telescopic Bliie, or Telescopic Shaft. — Is fomuxl by tlie movement of 
hollow tul>08 one wnthin the other. Such sliafts are of w'lde applica- 
tion, being employed to carry a ixirtion of a machine whose lonntudinal 
position is always varying, as the homontal spindles of radial dnUmg 
maohmee, and in blast pipes for portable forge f umaoos, and in deep- 
well pumps. 
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Tell Tale. — An indicator by which the attendant of a winding engine 
informed when to stop its motion, and so arrest tlie upward or down- 
ward movements of tfie capfe Tell tales are omployixi also on various 
automatic machines to indicate the precise time when a certain set of 
operations are termmated. 

Telodjrziaxnic Trantmisiion.— The transmission of power to long distances 
by means of relays of wire rope (q v ), 

Temper. — (I) The temper of a piece of steel is its elastic condition oon- 
siciered m reference to the purpose for which it is to l)0 utilised. See 
Tempering (2) A mixture of 16 parts of copper to 32 of tm, used to 
assist in the naxing of alloys of various kinds in which the proportion 
of copper is so small that if atlded alone its higher fusing point would 
not allow' projier combiuatum to take place. The copper and tin alloy 
are addc»tl as a U'mpfr See Babbitting 

Temperature. — "Ibe temperature of a l>ody is measured by the amount of 
its sensible h<‘at, or tliat w Inch can be measurcnl by a thermometer, and 
IS indc]>endent of its latent lieat ^q v ) It is therefore that which can 
l>e comrminirati'd from one body to another, and bo directly recognisable 
and measurable 

Tempeniig.~(l) The imparting of a definite degree of hardness, or elas- 
ticity tc» steel, by the rjusing or letting dowui (q^ v ) of the metal to m 
<(' rtaiii b mi>f‘ratun', and then rapidly cooling or quenching in wuhT or 
oil, from that teuijx*rtttiiix' The bnnperature is indi<aited hy the I'oluur 
w'hu'h the Htt*el asMimes in passing from a high to a lower degree, and 
IS different for almost e\ery class (»f cutting instniirients q'ho steel is 
quonehixl in wabr, (Jil, soap, or oUu r substanees, the naslium ^u^ylng 
with the nature (»f the objects temjx'red and tlie degns'S of heat Some- 
times the toinperuture is estimabjd not hy colour, but hy the flashing 
point (q V ] of tt fat (2; Tenqxnng also has reference to the slow dry- 
ing of artules inoiddisl m clay, as bricks and <'ni< ibles When the 
paste lias Is'in monldeil into form, the artide is suhjeebsl to a pro- 
longed diHiecation at a gnidually iriereasing teinjx*rature raiiguig from 
ahmt 60'* F Ut loO” or IHir Tho ttanpering may ( ontiimo from two 
to eight months, and the longer the process is ooiitiiuKd tho longer tho 
enicihles or bricks will last 

Template, or Templet —Any temporary pattern, guide, or mod* 1 by w liu'h 
work IS either marked out or by wIikJi its a* curacy iscli* eke<l. Usually 
thin hght plab'S of woml or metal cut to spcx’ial outline's. Used in ail 
the d* partments of euginoenng 

Template Maker — Stn? templatmg 

Templating — The laying out (q v ) of diagrams on thin sheets of metal, 
or thin strips of wc>od, from whi* h tho plab's cinployo<l in boiler and 
sheet metal work are to be cut Templating is usually tho special work 
of a boiler maker or plater devob d wlndly to it, henc** talhxl a template 
maker, whoso inU*lligencx) and careful skill ensun* him a rat*^ (d wages 
correspondingly higher than those of ordinary platers or IkjiIct niaktrs 

templet.— A template (q v ) 

Temporary Centre —A centre piece, or a centre mark, used only for a tem- 
porary purpose, either for marking out work or for machining it. A 
temporary centre may be a slip of wof>d bnflgingo\fr a hole, upon 
W'hich slip the^centre point is marked , or it may be a mandrel filling 
up the hole, and having a centre point countersunk in il-» * nds 

Twaporarj Mandrel. — A mandrel fq v ) usofl as a tcrjqK>rary c* ntie, eitb* r 
for si^porting work which is t^ing bnod out,*or for carrying work 

V » 
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already bored, in the lathe while it is being turned on the outside 
diameter 

Tenacity. — That propt'tty by which a material is enabled to resist forces 
tending to tear it asunder Tenacity depends mainly upon density, but 
IS affected by conditions of coohng, drawing out, or development of 
libre, tompcratuie, and othei causes The teiiaLity or tensde strength 
of materials is usually given m tlie number ot himdredweights Off tons 
necessary hi brt ak a bar of the material ot one square inch wxhional 
area. 

Tender —It is the custom to prepare tenders of all large works to be con- 
tracted for, in the drawing office, in fuliilment of the terms of specifica- 
tions Before tenders can be prepared, general drawmgs and partial 
details at b ast of the machine or structure in question have to be made, 
in i)rdcr to obtain therefrom apjiroximatt weights of all the castings, 
forgings, and plattd woik, and also Uj tstimate the value of the labour 
invul\(Ml 'J'ru( mgs of tbr drawings, or sim topics are also sent w ith 
the teiab r oi tsiimate StnnetiiiKs tciuhrs are paid for, but usually 
there IS no t ornp< nsalion in the c\tnt of iion-acceptaiu e, and lost 
tt'iideiH uiiiouiit to a a try high ]>(‘nentage of drawing office exjicnses 

Tenon ~ A bniguc projts ting from the end ot a pu't‘e of timber, and 
wIikIi, with tb( inortif e into wlmb it tits, is one ot the t oiniiioncr joints 
in Avood w«)T k 

Tenoning Machine A mjubmt' nuploAtHl tor i utting it nous inAAood, 
consisting grnt'rallv <»t tour huw’h, two running At rti( ally togttber, and 
ca]»able of n<ljustm('nt sidowavs for the different tlm knesscs rMjuired, 
and two running hori7(»iitHlly to cut the shoiihh rs Or. in more rtMM^nt 
uifKliiiiOH, ttiiisjsting of two ad/o blf»cks (q a ), AVith flat plane iron tuf- 
tt rs icAohing bon/ontallv, and capable of \iitital ndjustimiit The 
wtuk IS then Itolb'd to a sliding table haying a horizontal moAeinent in 
front of tlui euttiT bltK'ks Sometimes a third eutUris u^cd to take out 
a ceiitial jiortion, and st> fonu a double tenon 

Tenon Saw — A saw Aybieli derives its name from the tenon form of joint 
It IS a Uiin saw ranging from 8 m to ir> in in length, and is supported 
by a back of Ayroiiglit iron or brass , hence caUed also a back saw. It 
eontains alKiutten Us.!!! tti the inch 

Tensile Strain — A strain or pull inu longitudinal direction, and therefore 
the rcAtTse of a < rushing strain 

Teniilc Strength - The strength nevessarA’ f4) enable a bar or structure to 
rcMst a tensile stiam . (xjuiyaloiit to tc'iia< ity 

Tensile Stress — The str<\sH to whu h a bar (»r strueturo is subject when in 
tenHion 

Tension — ( 1) A body is m tension when it is subject to forces tending to tear 
or break it asunder in a direction parallel with lU axis (2) The de«*ee 
of strain put ujxin a band saw in order to keep it taut for work It is 
regulated by means of a weighted leA’er and rack and quadrant, or by 
means of a hand whtxd, screw', and spring. 

Tension Bar — A bar w Inch is being subjected to tensile stress 

Tension Bolts —Tie bolts vq ^ ) 

Tension Bod — A rod subjtxt to tensile stress Tie rods (q v ) are ex- 
amples of tension rtxis. 

Terminal Pressure.— Final pressure (q v.). 

Terms — Tho parts of an algebraical or arithmetical expression connected 
by the signs plus and minus. 

Tesselated Platea. — Often applied to the thin wrou^t-ixon chequered 
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plates used as foot plates, the wozd bavmp' referexux) to the form of the 
ohequeriog, which is produced by the diagoual crossmg of shallow 
ridges or devations on the surface of the plate 
Test. — (1) Engines and machines are u>ually tested at the works in 
which they are manufactured, before dehvcry to tlieir x>urehasers. The 
tests are in every case these of a recognised and staudiud oharootcr, 
and are witnessed m most m stances by an appomttd and expenenood 
inspector, not the actual purchaser (2) The tests to which the raw 
materials of engmeers’ structures are subjected are extremely numerous, 
and in some cases very severe 

Teit Bars — Bars employed as tests of the quality of metal m any par- 
taoular set of castmgs When large quantities of iron castings are 
ordered it is customary to have bars run from tlie same metal as that 
whii h IS put into the castings These burs are usually of a 2 m. X 1 in 
cross section and alx>ut 3 ft 4 in long They aro rested upon supports 
3 ft apart, and loaded until they break, the amount of their deflection 
before brciiking being also noted A bud bar will break at 25 cwt , a 
good out at 35 or 37 cwt , 30 cwt bouig a bar of fair avenige quality 
Tlifse will deflect A in or more before fracture if the metal is tough 
Test Cocks — Try eo<‘ka ((j v ) 

Testing Machine -- A machine used foi testing the elasticity and strength 
of materutls In its simplest form it consists (d a simple lover very un- 
equally divided, the proportions between tho lengths of the arms Doing 
mversely as the weight suspended and the strain on the specimen. Tho 
l)est testmg machmes are made of a combination of two or more lovers, 
together with sundry other attachments for tho adjustment of tho levers 
themselves, and spo<'imon holders, and appliances also for tho moasuro- 
ment of torsional strains 
Test Load — A proof load (q v ) 

Test Pomp — A nydraulic hire© pump (q v ) is the kind of pump used 
for testing purposes 

Test Specimens — Pieces of material specially propareni for testmg, either 
with or without tho aid of a machine. See Specimen Bar, Specimen 
Plate, Test Bars, lest Strips, Forge Test, &c 
Test Strips —In specificatioiiH for boiler and other works in wrought-iron 
and steel plates, it is usual to 8tii>ulate ^lat a stnp shall l>e cut off each 
plate to be subjected to suitable teeU by the engineer or inspector , 
these are known by the name of test strips 
Theorem — A truth capable of demonstration from truths previonsly 
admitted or proved 

Theoretical Quantities —Quantities which have scarcely any existence m 

g raohee, though valuable as standards of reference when makmg calcu- 
itions as to the useful effects given out by motive agencies. Tbns the 
modulus of a maohme represents its actual value and is a fraction only 
uf its theorebcal value 

* Thermal Lines — See Adiabatic Curve, and Isothermal Lines 
Thermal IFnit. — A certain quantity of heat, or its equivalent of work ; 
used as a standard by which to compare other quantities See Unit of 
Heat. 

Thermal Yalne. — The economic value of a combustible element or sub- 
stance, eetiziAted according to the number of heat units Uberated by its 
perfect combustion The thermal value is the same for any substanoe 
under similar conditions, whatever he the rate of its combustion. (See 
Combustion, Prodneta of Combustion.) The thermal values of sub* 
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stances are higher when the products of combustion are water instead 
of steam, because a certain portion of the heat is absorbed in the ccm- 
version of water into steam. See Latent Heat. 

Thermo-dynamic Ingines.— Usually applied to gas engmes, hot-air 
engines, and engines ■which derive their motive power from increase 
and diminution in temperature of the motive force Steam engines, 
though thcnno-dynamic, are not popularly classed with these. 

Thermo-dynamics — The study which treats of heat as a form of energy 
or mode of work 

Thermo.ldnematics —Sometimes applied to the study of the theory of 
the motion of heat 

Thermometer — An mstniment used for measuring temperatures An air 
thermometer is graduated from absolute /( ro (cj v ) point upwards 
Since its readings must he taken in conjunction with those of the baro- 
meter, its use IS confined to w'lentific rosenrehes chiefly Fahrenheit 
scale reckons from \Vr to 212*^ , Centigrade, from 0'^' to 100’ , Reaumer, 
O'^ to 80" To convert degree's Centigrade into degrees Fahrenheit mul- 
tiply the given temperature by 0 and divide by 5 (a degree C bemg to 
a degree in tin* ratio of 0 to 6), then add 32 Conversely, to reduce 
Fahr to Cent subtnict 32 , multiply by b and divide by 9 

Thermoitatici.— Sometimes applied to the tlieory of the equilibrium of 
heat 

Thick Fire. - A funmcc flie is thick wdicn the fuel is spread to a consider- 
able depth o\or the grate bais It is more economiuil than a thin fire, 
liecausfj the heat of combustion is not 8 <j rapidly dissipated, and the 
fuel IS more thoroughly cokt^l 

Thickneil ThnkiK'ss in u loam patte-m signifies that coat of loam which 
represents tin' pattern thnkness sujienmjMised over the eoie Ihis is 
strippid off after moulding, leaving the core intact, which last is then 
plaeod in tlu' mould ri'ady for < usting 

Tluokuciiing Machine - A mudnne used for the purixise of planing stuff 
to a gauged or paralld thiekiuss, two ud/e blocks being used, one of 
whicii is nioMibb' for adjustment to thickness 

Thickneil Fieoei Keetungular strips of w'oid gauged to definite thick- 
nesses, and used b\ moulders for trying the spaces or metal thick- 
nesses in fhcir nnuilds, the strips beuig bud l>ctweeii coics and the 
udnieent mould jxutions 

Thick Oil. oi Heavy Oil.— A lubru ating oil hav mg muc h body or v ibcosity, 
as castor oil, and used for the heaviest class ctf m.ubiniiy’, Wing less 
liable tluin tlie tliui oils to Wx'ome squeezed out from Wtw’eon tlie bear- 
ing surfac'es 

Thimble.— (1) A sboit cjlindncal casting used for connecting the spigoted 
ends of pqies which lay end tt) end, or whicli have* Wen cut off, or lia\e 
liocome cracked and broken and have to W reunited without sockets 
and spigots A thimble is of the same Wr© as Uie socket of its pipe, 
ancl 18 l aulkfd similarly to a Kicket (2) A UixTtd iron mandrel, cir- • 
oular in station, used in smithies for the bunging of rings and holes 
■which have Veen already roughly shaped under the hammer into a truly 
eimilftr foim, the hole Wmgslul over the tajx'ied jHuiion, and set down 
on tlie faces and struck on the c^utsuie until it a'«‘sumes the circular 
form Teinud aW* a sugar loiif from the almo‘-t ]‘Uci>o icsemblanoe 
of the Miialler thimblc'S in outline and size to a sugar lo^uf Also termed 
a cono sunjily 

Thift Fire.— A Wiler hre ie said to be thin when the fuel is spread in a 
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thin st rat u m OTer the fire bars. There is a loss of heat in using a thin 
fire, though in horizontal mtemally fired boilers its employment cannot 
be avoided owing to the contraction in the area of the flue and ash ^its. 

Thinning Ont.— In boiler work where the circumferential and longitu- 
dinal joints of the plates overlap (q v.), it is necessary that the middle 
plate should be bevelled or drawn down to a feather edge just at the 
Jointy to permit of close and flush flttmg. This is called thinnmg out, 
or thinnmg down. 

Thin Oil, or Light Oil. — A lubricating oil having little body or viscosity, 
as 8j>erm oil, and used for the lightest class of machinery. 

Thoroughfare Hole. — A hole carried right thn^ugh a piece of work, as 
distinguished from a hole which is recessed only 

Thread. —The actual hehx, or feather, or blade of a screw, as distinct 
from the sjhd body or bar on which it is cut and by which it is carried 
and 6up|K)rted 

Thread Gauge.— A screw -threaded gauge (q v ) 

Three-eybnder Engine. — (1) There are several tyjies of three-cylinder 
engines now made They may bo divided into two mam classes — tlioso 
in which the cylinders are placotl at an angle of 120“ to each other, and 
those in hu li they are ranged side by side In the former or Brother- 
hood type, the three pistons are of tlio trunk form, though shallower 
than oniinar)' trunk pistons, and thn*e piston rods pivoUsl loosely in tJio 
bodies of tlie pistons art' connected together by bonding, around a single 
ecoentnc shaped crank, made soUd with the irauksliaft Tlio supply 
of steam take^ place at the end, that is one side of the tliroo cylin- 
ders, and 18 regulated by a valve eonimon to all, whu h opiuis and closes 
the ports in succession (2) In the otlier ty]>e, in winch the cylinders 
are plactsl side by side, their pistons ai tiiate a three-tlirow crank. In 
Willan’s engine the steam is introduced only aliovc the pistons, and the 
pistons act as valves also for opitning and cutting off the supply of 
steam to the other cylinders The pistons of tliretx y Under engines 
being in oiiuilibnum there is no Imlancing of rcciproc*ating parts 
refiuin'tl, and they can l>o run at a much higl*er speed and Hteudior 
tlian engmes of the ordmary reciprocating type Hence they are em- 
ployed for dnving dynamos, centrifugal puiiipH, circulating pumps, 
and high-speed machinery generally 

Three-high itll —See Three-high Rolls. 

Tluree>liigh BolU, or Three-high Mill. — In a rolling mill this signiflos the 
arrangement of three rolls one over the other, so that tlu‘ bars or jdates 
may bo passed forward between the lower pair and backward tbrougfi 
the upper ones, without reversing the dire<;tion of rotation of th(3 rolls 

Three-pait Box. — A moulding box or flawk cwmsiMting of thn e parts, and 
used for moulding those patterns m which the middle ser tion must be 
distmet from the top and bottom, as, for example, m the case of a 
grooved pulley 

n^se-port^ Cylinder — The ordinary steam cylinder for the common 
slide valve, as disting^uished from those cylinaerw having two or more 
openings laadmg mto each steam passage from the valve face, in cases 
where double-ixirted valves and trebte-pr*rted valves are employed. 

Three-square File — A term commonly applif^d to a file triangular m sec- 
tion, or a thm-comered file Used chiefly for saw-sbaq>eiiing* 

Three-throw Crank — A shaft having three cranks forged upon it at 
at 120^, for driving three valves, or buckets, or pistons, and 
VfM ohiefiy for purnpe. The cranks being so arranged, are in equili* 
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l)riain in any position, ami can be nm smootbly at a high rate of speed, 
and also staiim in anyp>Bition. 

Three-throw Pomp, or Treble-barrel Pomp. — A pump having three 
working barrels arranged in line, and having their piston rods con- 
nected to three overhead cranks set at angles of 120^ on a common 
crank shaft. Equality ot motion and a continuous supply are the ad- 
vantages of their use 

Three-way Cock.— Acock having throe delivery branches, either sockets, 
or flanges, for diverting the liquid from the inlet branch into two 
different directions at pleasure 

Throat. — (1) The enlarged ne<k of a bram h or offset pipe, enlarged and 
curved for the ])itri>oHO of diniinishing fnction and allowing greater 
freedom of flow for the liquid (2) Tlio b»p or ojiening of an open- 
topped blast furnace, into which the fu< 1 and oie are ( hargt*d (3) The 
inner edge of the flange of a luilway wh«*< 1, or tliat jxirtuui which cor- 
responds with the gauge of the lails 

Throat Core Box. — A core hox uw>d m conne< tion with cast-iron pif>c 
work It fonns the curvcsl |>ortion by w’hn h the con ot a branc h or 
Toe passes into that of the main jiijie SiK) ITiroat 
Throttle Valve — A flat, thin, dim* valve, wluch lies diagonally wothm 
and across a round pipe and closes it jvartly or entirdy Used in 
dampers, fluis, and engine 8t4*am pipes leading fnim the Ixiiler, U» 
regulate the passage of smoko and of steam 
Throttling — Tile wire drawing v ) of steam in a narrow passage 

Through Tnbei * Tlie flue tubes of Ijancushire and Coniish boilers, so 
eallod because they pass from end to end, being attached to the end 
plates 

Throw — Tlic total amount <»f ivcentncity of a crank or eccentric, being 
equal to twice the radius 

Throw Disc — Tlicdim* of a slotting machine wdiich actuates the ram (q v ) 
througli the medium of a short connecting nxl 
Throw-ont Gear —An arrangement of levers and rods by which the mo- 
tion of a single occentnc is reversed in marine engines 
Thmit. — The (jompressn e f tn'c exercised by a body transmitting pressure 
Thmit Bearing, or Thrust Block. — (1) The bearing wluch receives the 
endlong thrust or pressuri of the horironbil shaft of a ship’s screw It 
18 similar in outline to a pluramer blot k, but its bearing portion u 
grooved circumfeiontially to rtn’cive the thiai'^t ctdlars (q v } A horse- 
shoe thrust block is one in which the healing grooves are not continuous 
around, but arcl etl over the shaft only, so that the portions of the 
shaft collars whicli are lowermost run m a rcm^rvoir of oil, and carry it 
up to the actual collar bearings alxjve (i) Tlic bearing or shouldered 
jxirtion of a drill spindle (q v ) where tho feed screw and the revolving 
spindle are in contat t See Thrust Collars 
Thmit Block.— A thrust Ivarmg (q v ) 

Thmit Collar! —(1) Collars tumed on the IkvJv of the shaft of a ship’s 
screw whicli transmit the endlong thrust to tho tlirust' bearing (q v ), * 
the collars fitting into Uie cmnimferential grooves of tho thrust bear- 
ing (2) Tho comjienmiting collars (q v ) of drilling machine spindles, 
so named because they sustam the thrust due to the reaction of the 
work against the drill ^ 

Thmit Borow —A screw witli or without the power of endlong adjust- 
ment, which takes the thrust of a revolving spmdle. Exampl^ of 
thrust screws occur at the top of the drill spm^es of some dnUmg ma- 
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climefl, and in the back centres of thebeadstocks of lathev<i. The bo.inng' 
end of a thrust screw may be either flat, or conical m form, and is 
always hardened 

Thumb Plane. — A small plane about four or five mches lung*, and ha\nig 
an iron of about an inch in width, useil for small work in g’enerul, 
where a larger plane would be mcon\enient 

Thumb Screw — A light screw having its head cxpaiuh'd for grasping hy 
the finger and thumb A wing nut (4 \ ) 

Ticks — Crows’ feet {q v ). 

Tie — A bar or member introduced into n structure to re^i^t tensile stress 
Ties are used in trussed beams, m Warren and lattice' giideis, being the 
bars winch incline downwards towaids the contie , and to receive the 
pull of the load on crane jibs, and in numerous other positions besides 
^ Wind Tie, Tie Beam, Tit, Kod 

Tie Beam. — A beam which tics together or prevents tlie spreading out of 
the low'cr ends of the rafters of roof trusses 

Tie Bolts — Screw bolts, usiiallv long, wbieb tie or stay laigo flat and 
inherently weak surfaces Tlioy ar<^ us<‘(l inbuilt up water tanks, as 
longitudinal stays in Cornish and Lancashire and marine boilers, and 
for similar purposes in many other structures 

Tie Bod — (1) A long screwed bolt 01 stav, wbn h i)ass( s from end to end 
of a Cornish or L nieasliiu* boilei , and ties or stays tin' flattened plates 
{‘2) Kods whicli supiwrt 01 tie the jib 01 lifting stiut of a crane These 
rods are subject to very 6e\ ere stress Tie rods are also termed tcnsioii 
bolts or tension rods. 

Tightening Gear. — The arrangement by which the cotton or hemp ropes 
used for driving machinery are kept taut on their pulleys The usual 
means of tightening is the employment of weights dopondiiig from an 
idle and adjustable pulley over which the rope passes See Tightening 
Pullcv 

Tightening Pulley — In rope gearing, liygroseopic ohangt's in the atmo- 
sphere, and the stn'b lung duo to straining action cau'^es the lengths of 
the ropes to \ary To takt up the slack, a guide pulley or pullevs are 
hinged on a sliding bearing plate, moving in guides so tnat within 
certain limits the ext<'nHion8 of the nqK's are compensated 'Iho pulleys 
are therefore termed tighkaiing pulleys In light ninning conls, driving 
lathes and other niai hints fiom overhead, similar pulleys are em- 
ployed 

Tile — The iron plate or lid which covers the mouth of a brass melting 
furnace So named l>ecausc a common tile w'as oiigmally uw^l 

Tilt Shimmer, or Trip Stammer — An old-fashioned form ot smith’s liam- 
mer, u'^sl for heavy forging before the introduction of the steam ham- 
mer The hammer shaft swmgs on a pivot and a n volving cam or 
wheel furnished with projecting te€*th, by pressing dow n the end of the 
hammer shaft lifts the hammer, which falls hy its own wt iglit directly 
tlie cam has passed, to bo again lifted for the next blow by the next 
cam tooth Tilt hammers, tliougli to a great extent supiTscded by the 
steam hammers, are still employed Ixdh ui smithies ancl in iron, steel, 
and tan plate works, for forgmg and for slabbing and blooming down 
the smaller paddled balls and ingots 

Tilt Steel. — Bij^r steel which has been lajateu out under a tilt hammer 
(q ▼ ). The name is still retained notwithstanding that the work is 
now done by the steam hammer 

TSatber. — ^The Tmrious timbers employed by engineers, together with 
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their qualities, defects, preserration, seasoning, &c., are noted iindei 
appropriate headings. &ee Wood. 

Timber Clamp — A bar clamp (q v.). 

Timber Xeaiurement. — Timber is measured in various ways By the 
superficial foot, reckoned as one inch thick, as in boards , by the cubic 
foot, as in logs or beams , by the standard (q v ) as board m quantity , 
by the load, as in wholesale dealmg , by the hundred, as m deals and 
battens. 

Timber Hack.— A store for timl»er There are two kinds of racks, oa^ in 
wliich the wood is laid m a hon/ontal, the other in a vertical position 
In the first case the boards are stnpped (see Stripping) and laid in bays 
oi eonipartments , in the wxiond they stand on end slightly inclined 
iHlgeways, loaning against a beam from >\hich rcmnd rcsls of iron pr<i- 
jeet and act as divisions heiwo(*n oa(fh bahdi of lioards Tlie first mode 
is used when the boards are actually drjing, the sc'cond vihen they 
have lx‘en dric'd and arc considered ready for use But though boards 
are never dried while standing on end, they arc when dried, often kept 
in the hon/ontal jKisition until rtxjuired 

Timber Scribe.— 8e(‘ Scribe 

Timber Washers - Washers (q v ) of cast or wrought iron used in framed 
tirnlior works to receno the pressure of the bolt heads and nuts, and so 
prevent bruising of the tiinlHT ^V^lon the Ixdts pass through the 
timber in an obli<iue diurtion lievelled washiTH are used 

Time Sheets. - IVinh'd slips of jiaptT i\ith Inwlings for dabs, on \ihi(h 
woikmen write out eiu h da\ ’s tune , that \s, the iiuiuImt of huuis>\hich 
they ha%e worked and the jobs upen Mhieh tlieyhaie Ixtn engag(*d 
Tlieso are <’(»lleet4>d and s<‘nt into the oftiee and chei ked against the time 
as given in hv tlie gatek{‘<*p('i 

Tin.- Symbol, 8n , eomh weight, 117 8 , sp gr , 7 3 Asihery white 
metal of nninenso vului' in engineering work, chief!} as an alloy in the 
manufactun' of gun -metal, brass, phosphor bronze, Mnnty metal, &c , 
and in the mixing of solders 

Tine.- An iron or steel claw' or fork us»h 1 in dredging ojxTations The 
U^nns lialf tiiu’, wdioh' tine, refer to the length of tlie claws. Any fork- 
like projivtion used for pioreiiig or digging would properly Ik) called 
a tine 

Tinned Chaplets. — Moulders’ chaplets coated wiUi tin for the same reason 
as tinned nails (q v ) 

Tinned Kails Moulders’ thajdet nails coatwi with tin to prevent rusting 
and the eons(‘({iu'nt formation of blow' holes 

Tinning. -(1) The ]m)eess of covering sheet iron jdateswith tin in the 
tinjdah' manufueture It is ethvted by n ^ue^elvslon of pixses^'s suh- 
sjHpienth t*> the prepanihir}' rolling and pickling Alxmt 310 plates 
are iinm('rs<^l at a tinn* in a bath of melbHi tin covered wuth a thick 
layer of tallow, and heated to nearly the flaslimg point of the latter 
They art' reniovtHl in aUmt an hour and a half, immersed in another ^ 
luith* of tin, lifttvl out, brushed and phingtHl into melted tallow', and * 
allowed to drain. They are then dipped into a hot pot to remove 
the rim of metal along the lioth^m edge, cleaned in bran, ftorted and 
packiHl, (2) The coating of a soldermg iron with tin preMous to use. 

Tin Ore.— Se<' Tinstone ^ 

Tin Plate. ~T)iin sluH't iron coated wiUi tin. 

Tinstone, or Tin Ore.— The ore of tin occurring in the condition of an 
oxide. It IB found in Cornwall, Malacca, Ba^, Australia, Bohemia, 
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and Saxonj. That from Malacca and Banoa is known as Straits* tin, 
or Banca tm See Stream Tm, Mme Tin. 

Upping Bnoket— See Skip. 

Tire. — See Tyre. 

Titan Crane. — A massive type of blook-settmg crane similar to a Hercules 
(q V ) m lifting capacity and general form, but differing therefrom, in 
that it IS not provided with motions for slewing. It consists of a 
travellmg carnage built up and properly bractxl, spanning the pier or 
breakwater, and travelling on mils A tmveller and lifting cmbs aro 
mounted on this, so that there arc throe si'ts of motions available, one 
of the Titan framework longitudinally, another of its tmveller, also 
longitudinally, canyuug the cnib, and a thml t>f the enih transveisely 
Hence a considerable mnge in the setting of the bhx'ks is praetK'able 
Titans are driven by steam power, the engines being at tlie hinder 
end 

Titanic Steel. — See Titanium 

Titanium. — SjTnbol, Ti , comb weight, 48. One of the mro metallic 
elements wdiicli is sometimes found as8ociate<l w ith grt'y pig iron and 
with the slags of blast furnaces, and is also puqH>w‘ly ull()jt>d vvitJi tool 
steel, or steel required for cutting purpose's, hence called Titanio 
steed 

Toe. — The lower or Ix'anng end of a vertical spindle which rests m or 
works in a footstep (q \ ) 

Toe Step. —See Jt'\M)tsbp. 

Toggle Joint - A fonu of lover knuckle joint by means of whudi great 
p)wer IS obtained It (onsists essentially of two lever arms fomiuig an 
angle with each <»ther and hinged at the eeritn*, the opj)ositt‘ end ot one 
lever iKing hingiHl on a fixed pivot, the opp)sitc cud ul the other being 
free to move Any atb'inpt to straighten the levers, that is to bring 
them into, 01 luaily mb) line, <auseM eiioimous pri'Shuro to l>o exerted 
at the ends Tli.s t<»nu of joint is used in vaiiouH presses 

Tommy. —A p»int< d lound iron bar or lev« r used for ms( rtion in the liolos 
dnlltHl in the (in ulm back nuts of l.ithcs and other mat hiiu's, tor the 
puq>o**e of tightuung tlieiii up. Also a metal lod kejit lor insiTtion m 
the jVi's of tbe tightening Miews of hand-iest sockets, for tighteimig 
tht‘ I rc't. SometiiiKS calle<l ,i pxlgei 

Tommy Hole —A small hole drilled 111 a ( in ul ir nut or similar maohino 
part, and into which the jMiuitof a tommv h ms( rbsl for tighteiungup 

Ton. — The liighcst unit of weight employed m English practice. It con- 
tains jn ( wt , or J,J40 lbs The Cumish mining ton is 21 t wt. 

Tongs — A smith’s ttml in.idc in diversihed forms and used for holding 
the work whi(h Ixjing opciated upon Sec Flat Hit Tongs, Pmeer 
T5ngs, Crook Bit Tong", llarnmei Tong'*, Hoop Tongs 

Tonguo, qr Tongue Piece This is .1 short pu < e of mi tal or w'ood project- 
mg from one jiortion of a structure and entering into another, m oraer to 
ensure steadiness and to pi event overlapping of loints Ora tongue 
• may simply Ixj of the natuie of a guide piece or a check. Hence tong^ 
and tenon arc not (juitc synonymous, a tenon being short and narrow, 
and used only ns a mi tluxi of jointing, while a tongue may bo long 
and w ide, and used for other purposes besides tbe making of joints, as 
for instance a pr»>je*i tmg stnp m rewed on a foundry loam board to give 
the length struck-up core, or to form a groove around the core, 
would be termt'd a tongue 

Tongneing — Tlic jointing of tbe odget of boarda by a groove and oorre- 
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sponding slip, the tongTie on the edge of one board fitting into the 
groove on the edge of its fellow. Tongueing is performed either hj 
cutters set in a revolving block, or by means of a joiner’s plough. 
Tongue Joint, or Split Joint —(1) A smith’s jomt made by msertmg the 
tapered end or tongue of a rod into a V-shaped corresponding cleft in 
the end of another rod for the purpose of makmg a weld. (2) Also the 
joint formed by the tongueing of boards. 

Tonne. — A French measure of weight equivalent to that of a cubic metre 
of distilled water at 4^ C , and equal to 1,000 kilos See Millier 
Tool.— Any imnh'inent by which mec-hanical operations are performed, 
whether by hand or nuuhine See Hand Tools, Machine Tools, and 
details uiider spi < die names 

Tool Angles.- See Anghs of Cutting I'ools, Angle of Relief, &c. 

Tool Blanks. — Blanks (q v ) for milling and other cutters 
Tool Board. — A board supported behind the bed of a lathe as a receptacle 
for the tools used in turning 

Tool Box — (1) A piece of incchanism attached to the cross slides of 
planing machines, the slide rests of lathes, the arms of shaping and 
slotting rnac.hines, Ac , to c.iiry the cutting tools Movement is im- 
parted to the tool in one or more directions by automatic arrangements 
varymg in the different kinds of machines Tool boxes are usually 
made in siwcral parts, sliding the one over the other for longitudinal or 
cross traverse, and ofk'ii for ciicular movements besides The t^iol itself 
IS clamped with a screw or scre\\s (2) Any wooden Ikix which is used 
to contain workmen’s tools But tern -makers’ t(a)ls are kept m a chest 

suitably fitted with trays and drawers , moulders’ tools in an open i oct- 
angular Ik)x without any trajs or paititions, and furnished only wuth a 
cross handle bndging over th<' top Fitters and turners keep their tools 
in drawers or in plain boxes For outdoor work the erectors’ tools, as 
spanners, ratchet braces, &c , are put in strong iron-damped pacing 
boxes witli padlocked covers 

Tool Carriage — The sliding caiTiage which traverses the cutting tool in 
any self-acting machine The dide rest of a lathe, and the tool box 
(q V ) of a planing machine are illustrations 
Tool Handles. — Tlie adoption of suitable forms for the handles of tools, 
cutting and otlicrwise, is not a matter of indifference, but one which is 
regarded as almost of exceptionable imjwrtanco by w'oilonen, since few 
care to use eitlior the tools or the handles used by another man In 
moat cases the handles are made of wood Thus files, chisels, gouges, 
and liand-tuming tools have handles of w'ood bonded wuth ferrules 
whei*e the tang is inserted, and the shape of the handles varies in the 
ease of nearly v\ery sepaiate tool, dejieiiding upon the way in whicj^it 
18 held The handles of moulders’ trowels aio simiLu lu shape to those 
of small file handles , tlie liandles of smiths’ swages and fullenng tools 
are of withes twisted around the body of the tool , hanuner handles are 
nearly pimllel, and o\al in section, but of \.\rious lengths Many tools, 
as all moulders’ t^Hils, except Uie trow'd, June no handles, nor lia\ccold 
chisels, drifts, slide-r st tools, any handles 
Tool Holder, or Cutter Bor —A bar of iron oi steel used for liolding the 
actual cutting tools m metal turning oi ‘shaping There are numerous 
tool holders in u'«e, hut they consist c'^sontinlly of an arrangement by 
which tlie tool is clamped m the holder to tlie angle most suitable for 
cutting the metal m hand. Some t>q>e8 of cutter liolders have the 
front portion, in w'hich the tool is clamped, perfectly rigid with the 
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ahaiilL , hence in these a pair of rigfht and left-hand holders are neces- 
•ary in each size In other types the clamping arrangement is made to 
swivel from one hand to the other, so that one cutter bar in each size 
18 sufficient These sometimes lack the rigidity of the solid bars, 
allowing the tool hi gi\ o under heavy cutting I'he advantage of the 
use of tool holders is that tune and material are saved ; time, m draw- 
ing down and re-terapenng, which are rendered unnecessary by the use 
of tool points, and material, l>ecause a single ('uttcr bai wm tal^e a 
number of small tool points, each of which would otherwise liave 
required ibs own separate shank 

* Tooling. — The cutting of metals w'lth ordinary cutting tools, as opposed to 

the shapmg of surfaces by gi indiiig 

Tool Post — A circular post attmhed to tht* hip of a slide rest for tlie 
clamping do^Mi of the cuttmg tools It is picivtsl with a rectangular 
hole, through which the tool is slid and clamped wuth a set sciew pass- 
uig down from above Tool posts are use^d only on small lathes, the 
lathes of larger size being provided with screved studs and nuts and 
cross-bars, or with a triangular or rectangular shaja'il tomi of clamp 

Tool Beit ~Se(^ Rest, and Slide Rest 

Tool Smith — In all large engineering firms tluTo is at least one smith 
whose sole business consists in forging, hardiming, and tempenng the 
steel tools used by the fitters, tumors, and machinists The expenonoo 
which this tool smith gams relative to the temptas leqiured for different 
kinds of steel and different kinds of work, renders it simply a matter of 
economy to entrust to him alone the prepaiation of the workmen’s 
tools. 

Tool Stay. — A lathe stay used for the purpose of preventing drills, and 
double-edged cutters which are drnen by the jxippct centre against 
their work, from being rotated thereon It is a slotted bar held m the 
socket of the T of whi<*h embraces tlie flattened shank of 

the boring tool. 

Tooth.— See Wheel Tet'Ui. 

Tooth Block. — Tlie blo^’k from whadi tin tcetli of gear wheels are moulded 
maw heel moulding machine It consists of a 1 1 ctangular block, which 
18 both long and wide enough to be emhraicd by the cairier of the 
machine, or about 9 in x 4 in , and of the exa< t di pth of tlie wiioel It 
carries two teeth precisely like those ie(|Uired for the wheel, except that 
their outer flanks are chamftreti away to well dear the sand of the 
tooth mould last rammed up The mter-tooth space alone forms the 
tooth mould, and the block is moved round to a clistance of one tooUi 
after each inter -space is rammed 

Toothed Oeanng — Wheel gearing (q v ) 

Toothed Segment. — Large gearwheels are seldom cast m a single rmg by 
reason, first, of the enhanced difficulty attendant upon the malaiig of 
large castings, and, second, their inconvenience as regards transit, fix- 

• ing, and subsecpicnt lepair These are thereh^n* commonly cast in 
segments of six, eight, or ten to the circle, and either Ixjlted to their 
arms or to somethmg which forms a suitable base, as the shroudmg of 
a water wheel 

Toothed Wheel — See A\Ticf‘l Greanug 

Top and Bottom^ooli.— See Swage. 

Top Card. — An indicator card taken from the top of a vertical, or oscil- 
lating cylinder. In the top card the lead line (q v ) is on the left-hand 
•idd. 
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Top Face. — ^That face of a casting or mould wHch ia uppennost in poor* 
ing. It IS unsound as compart with the bottom face. 

Top Iron. — The curved upper iron which is screwed to the cutting iron ol 
a wood workmg plane The function of the top iron is to impart 
rigidity to the cutting iron. This it seems to do simply by exertmg 
pressure upon the cutting edge, and not by breaking the continuity of 
the shaving, as many suppose. 

Top Part. — The upper portion of the boxes, or the top box alone, in a 
foundry mould , or sometimes the upper part of the mould itself. 

Top Fuller. — A fullering tool (q v ) which is held m a hazel rod (q v ) and 
struck by the sledge See Fullermg. 

Topping. — (1) The reduction of the tops of saw teeth to a uniform level 
previous to sharpening. Tlie topping is necessary to ensure the simul- 
taneous cutting action of all the teeth, and is performed by passing a 
file over thorn once or twice in a longitudinal direction previous to 
sharpening In circular saws it is done by holding a piece of stone to 
the tops ot the teeth while the saws are revolving (2) The breaking 
off of the unsound and hollow top portions of steel ingots which have 
sunk or become hollow in the centre. 

Top Print. — A print (q v ) which is placed on the top face of a pattern. 
It 18 rendered necessary when the core is too long and slender to be 
supported truly by a bottom print alone, or whim, though it might be 
supported, the shape of the mould is such that it cannot be centred by 
measurement in the top previous to closing of the mould The top prmt 
then guides and steadies it m correct position 

Top Bake. — In cutting tools, signifies the angle which that part of the 
cutting face that lies immediately behind the tool point makes with the 
horizontal. The top rake will vary from zero in tools cutting the 
hardest metals, as chdled rolls, down to 15° in wood-cutting tools Top 
rake is either front top rake, when it is sloped backwards directly from 
the point, or side top rake, or side rake, when it simply slopes from the 
side or transversely to the front In the latter case the tool is spe- 
cially adapted for side cutting, which it will not effect so sweetly when 
front rake alone is given. 

Top Steam — The steam which enters above the piston m a double-acting 
steam hammer (q.v. ) 

Torsion. — A body is subject to torsion when two equal and opposite forces 
forming a couple (q v ) act upon it in directions at right angles with 
its axis It may be defined as the stram to which a bar or shaft is 
subject tending to twist it. 

Torsional Stiffhess — That amount of rigidity of a shaft by whuh it is 
enabled to resist, not simply such strains as would produce actual twist- 
ing off, but also such excessive vibration as would prevent it from 
doing its work with due steadiness. 

torsional Strength. — The strength necessary to enable a bar or structure 
to resist a torsional strain. The strength of a shaft to resist torsion • 
varies as the cube of its diameter. 

Torsional Stress. —The stress to which a bar or structure is subject when 
in torsion. 

Tossing. — A process of tin refinery which is sometimes substituted for 
boilmg(q.v ) The molten metal is hfted in ladiesful to a considerable 
height and poured back into the bath, the effect bemg to oxidise out 
the impurities by bringing them into contact with the air during their 
descent. 
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Total Heat. — ^The total heat of steam, or the total heat of vaporisation, is 
the sum of both the sensible and latent heats, including also that which 
IS engaged in overcoming the resistance of the atmosphere. 

Total Pressure. — The total pressure of steam is that reckoned from the 
point of no pressure, or absolute pressure (q.v.). 

Total Wheel Base. — See Wheel Base. 

Touch Hole. — The aperture through which the charge of a gas engine is 
ignited. 

Tough Brass — Brass which is suitable for engine bearings and wearing 
parts. It 18 rather a vague term which might mean either a superior 
quality of brass, or gun-metal simply. 

Tough Cake Copper.— See Tough Pitch 

Tough Iron. — Slippery iron (q v.) and strong iron (q v ) are tough irons 

Toughness. — Toughness denotes the inherent power which a material has of 
resisting fracture by bending In tests (see Forge Test) it is measured 
by the capacity for bending through a defimte angle one or more times 
without sustaining fracture. Toughness and strength are not quite 
identical, since a material may be strong, % e rigid, without possessing 
toughness, that is, it may be able to sustain great tensile force up to a 
certain point and then give way suddenly without previous warning. 
Thus chilled iron, and silicious iron are strong in this sense, but lack the 
quality of toughness. Hence for structures subject to tension, tough- 
ness IS to bo picfeiTed to rigidity, while for those in compression the 
latter is the piincipal quality requiied. 

Tough Pitch. — Blister copper after the process of refining by roasting, 
melting, and poling (q v ) is said to be at “ tough pitch.” The pro- 
cess 18 called toughening, and the ingots cast m this condition arc 
called ‘ ‘ tough cake ’ ’ copper A test ingot is cast, and when hammered 

led hot should show no ciacks at the edges. 

Tow. — Sec Hemp 

Tracing. — The making of cojiics of diawings by tracing over the lines on 
the diawing or copy, upon a semi-transparent tracing paper (q v ), or 
tiacing cloth (q v ) laid thereon It effects a great saving of time when 
a number of copies aic wanted, and being quite an automatic task is 
done by lads A mounted tracing is a tiacing pasted on thin calico to 
piescive it fiom becoming tora 

Tracing Cloth. — A specially prepared cloth glazed on one side and rough 
upon the othei, used instead of tracing paper (q v.) in making tracings 
for shop use, for which ordinary tracing paper would not be suffi- 
ciently stioiig. 

Tracing Machines. — Wood-working copying machines used for working 
the tiaccry of panels, &c. The cutter is affixed to the end of a 
movable ladial ann, and a collar affixed to the collar of the spindle 
follows the outline of a templet of the form to be cut , sharp angles and 
comeis aie of necessity finished by hand See also Copying Machines 
\ Tracing Paper. — Thin semi-transparent paper used for copying drawings 
placed underneath It is made b^ soaking tissue paper in a solution 
of lesins, or a varnish. Spirits ot tui'pentine and Canada balsam are 
the agents chiefly employed 

Tracks. — A teim sometimes employed to designate the top faces of the 
bearers of a lathe bed, as flat tracks, V tracks 

Traction. — Locomotion by viitue of the iiictional adhesion of wheels. 

Traction Engine, or Road Locomotive. — An engine of the locomotive 
type piovided with large ribbed wheels for traction on common roads. 
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Tractive Force — The amount of force necosbary to enable a locomotive 
or animal to overcome the rebistanco due to gravity, inclme, weight, 
and also to travel at a definite si)eod. The tractive force necessary to 
move a train on a level line must be sufficient to overcome the friction 
of the wheels on tlic rails, the resistance of the friction of the axles, and 
the resistance duo to the air. 

Trade Harks. — Sec Brands. 

Trailing Axle. — The hmder axle of a locomotive. 

Trailing Lengths. — Those portions of the coupling rods of a fully coupled 
locomotive which extend backward to the trailing wheels (q v ) 

Trailing Springs — The springs which carry the axle boxes of the trading * 
wheels of locomotives and railway stock, and which sustam and mim- 
mise the shocks due to concussion They arc made simdarly to leadmg 
springs (q v ) 

Trailing "l^eels. — The hinder wheels of a locomotive 
Train — Parts of machines similar or identical m form arranged in series. 
Thus the rolls of puddlmg mills are termed the forge train A number 
of wheels mutually dependent are termed a tram of gearing, &c. 

Train of Gearing — An arrangement of wheels and pinions by which 
power 18 gain^ in the one direction or speed gained m the direction 
opposite See Simple Tram, Compound Tram In a tram of geanng 
the power or speed of each wheel is inversely as its radius, diameter, 
circumference, or number of teeth, and the product of the senes is m 
geometrical ratio 

Tram of Wheels,— See Tram of Gearmg 
Tram Oil —See Whale Od 
Trammel Heads — See Trammels. 

Trammelling Off. — The takmg or measuring off of important lengths and 
centres by means of trammels This is the only correct method recog- 
nised m the shops, rule measurement bemg inadmissible Small dis- 
tances and centres are similarly transferred with compasses or dividers 
Trammels. — Beam compasses, m which the heads slide along a straight 
bar , they are tightened by set screws, and are used to strdee radii too 
large for the capacity of ordinaiy compasses. The heads are made 
indifferently of brass or of boxwood, the former being the better of 
the two. The steel pomts are inserted into the bodies, and frequently 
a socket for lead pencil is provided at the side of one of the heads 
Tram Wheel — A flanged wheel constructed to run on rails 
Transfer of Heat — Refers specially to the transmission of heat from a 
boiler furnace to the water withm. (See Heatmg Surface.) Rapidity 
of circulation (q v.) is necessaiy to prevent destructive overheatmg of 
the plates, which would soon happen if the heat transferred from the 
furnace were not earned away rapidly by the water Incrustation (j^v ) 
and sooty accumulations interfere with the transmission of heat Thm 
plates conduct more rapidly than thick ones, the rate of transmission 
being directly proportional to the thickness of the plates. Furnace ‘ 
area is more efficient than tube area, because of the greater concentra- 
tion of heat there. The rate of transmission signifies the number of 
heat units transferred per hour, but the amount of heatmg surface will 
vary m different types of boilers. 

TransmisBion of Heat. — See Transfer of Heat, o 

TranBrniBsion of Power. — When power is transmitted through shafte, 
wheels, belts, &o , the amount of horse-power that is transmitted varies 
as the speed. But at high speeds this general rule becomes modified. 
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Transoms. — The transverse distance or stretcher pieces placed between 
the longitudinal sleojiers of permanent way. 

Transverse Axis. — The right Imo which passes through the vertices of a 
curve, or through the longest diameter in the case of an oval or elhpse, 
or through the vertical height of a parabola. 

Transverse Section — A section (q v ) taken acioss at a right angle to the 
longitudinal direction of a drawing. 

Transverse Strain. — That kind of stiain to which a bar or structure is 
subject when it rests upon supports, tlie load being placed between 
the supports 

Trapezium. — A quadrangular figure which has no sides parallel 
Trapezoid — A quadrangular fig-ure which has two sides only parallel 
Travel. — The amount of extreme Imear movement of a piston or valve, or 
of their rods 

Traveller, Overhead —See Overhead Traveller. 

Travelling Crane. — This has reference chiefly to steam cranes which are 
fumibhcd with gearmg to enable them to travel along lines of rails, the 
term portable being applied rather to cianes travelled by hand 
Travelling Gear — The gear by which the motions of a tra\ cUing crane 
are actuated, usually embracing friction clutches on the engine or intei- 
mediate shaft, whose motion is communicated by a vertical shaft to 
bevel wheels, one on the vertical shaft and the other on one of the wheel 
axles of the truck, with or without the aid of a pitch cham 
Traverser. — A low flat carnage containing a capstan, usually dnven by a 
stationary engme fixed on the carriage, and used for the purpose of 
hauling railway trucks about on sidings 
Traversing. — The motion for longitudinal cutting in a self-acting lathe 
It IS accomplished either by means of the leadmg screw and clasp nut 
or by means of a rack and pinion Usually in lathes furnished with 
both sets of gear the turnmg is accomplished by means of the screw, and 
the racking back by means of the pinion The movement effected by the 
rack and pinion is called the hand traverse, to distinguish it from the 
traverse effected by the leading sciew The term traversing is also 
apphed to numerous motions of machmes, as the longitudinal motion of 
a shaping machine head, the transverse movement of a tool box effected 
by a traversmg screw, &c 
Traversing Drill —See Slot Drilhng 

Traversing Head. — The head of a shaping machme compnsing tool box 
and ram, which is made to shde along its bed, to distinguish it from 
those heads which have a motion in one direction only See Table 
Feed 

Traversing Mandrel — A headstock sliding mandrel used for cutting 
ornamental screw threads. It is furmshed with mterchangeable guide 
screws at the tail end, which screws work in an eccentrically fixed 
brass plate cut out round its circumference to corresponding pitches. 

‘ Either one set of threads m guide screw and plate being placed in gear, 
and the plate fixed, when the lathe is started the mandrel shdes for- 
ward in its bearings to the extent permitted by the brass plate, and 
traverses any work attached to it against a cutter set in the rest. This 
therefore is the reverse of the ordinary screwmg process in the screw- 
cutting lathed inasmuch as in this case the mandrel travels, the tool 
remaining fixed. It is useful chiefly for short screws and for orna- 
mental threads, and is scarcely employed by engineers. 

^hraversing Screw. — Any screw employ^ in machine construction for the 
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purpose of drawing along a movable block or carriage, a tool box or a 
saddle for instance. The screw does not traverse — that is, it has no 
endlong motion— but as it revolves it cames along a nut attached to 
the movable slide. 

Traversing Screw Jack.— A jack (q v.) which is made to travel longitu- 
dinally upon its base by means of a horizontal traversing screw turning 
in bearings on the base. 

Tread. — (1) The upper portion of a rail upon which the wheels run, 
^2) That portion of the wheel which runs on the rail (3) The beanng 
races of a lathe bed 

Treadle, or Foot Board. — A strip of wood actuated by the foot and con- 
nected to the crank of a lathe, grindstone, drill, or other small machme 
by a crooked rod or chain, through which the vertical motion of the 
foot 18 converted into a rotative movement on the crank shaft. 

Treble Barrel Pump.— A three-throw pump (q v ) 

Treble Clack Box — A treble vah e box (q v J 

Treble Gear. — The combination of three pinions and three wheels in train 
for the increasing of mechanical effect 

Treble Geared. — A lathe is treble geared when it is provided with two 
back gear spindles (see Back Gear), as distmguished from one which is 
double geared (q v ) Treble-geared drilling machines are those having 
three pairs of gears on two vertical spindles, so that the drill can be 
fed at three different speeds, the wheels on the second and third spuidles 
being adapted for throwing into and out of gear Treble -geared lathes 
are rather exceptional, being reserved for the heaviest work, and treble- 
geared drilling machines are chiefly hand macihines whore it is desired 
to drill holes of an inch in diameter and upwards 

Treble Ported Slide Valve.— An exhaust relief valve (q v ) in which the 
steam gams access to the cyhnder through two narrow ports in the 
body of the valve m addition to the end supply, and exhausts through 
two ports in the cylinder on each side of the exhaust Its function is 
similar to that of the double-ported slide valve (q v ) , bemg only an 
extension of the principle 

Treble Purchase. — A combmation of gear in which three pmions and 
three wheels are engaged, the velocity ratio bemg equal to the pro- 
duct of the radii of the wheels divided by that of the radii of the 
pinions 

Treble Kiveting.— Three rows of rivets pitched parallel in a longitudmal 
direction, but whose middle row is placed intermediately with the others 
in the transverse direction. 

Trebles, or Lattens. — Sheet iron plates prepared for tmning, whose thick- 
ness ranges between No 26 B. W G ( 020 m ) and No 27 B. W. G. 

( 016 in). 

Treble Valve Box. — A pump valve casing, provided with suction and 
delivery valves and an mtermediate check or rctammg valve The feed 
is then rendered contmuous , used on portable or stationary engmes for 
pumping to the boiler. 

Tree Feller. — A reciprocating saw driven directly from a steam cylmder 
of long stroke, used for fellmg trees or sawmg trunks and logs The 
saw cuts on the backward or return stroke only, to avoid the risk of 
becoming bent Several tree fellers may be worked^ at once from a 
portable boiler 

Trenails. — ^Wooden spikes used for holding railway chairs down on then 
sleepers. The timber from which they are made is compressed, and 
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moisture excluded, so that the trenails s^ell in their holes and prevent 
ihe chairs from becoming* slack. They are used m combination with 
spikes, usually two spikes and two trenails to a chair. 

Tresses.— Trestles (q.v) 

Trestles, or Tresses. — Light narrow stools or supports with spreading 
legs, standing about 2 ft 7 in. high, and used for laying drawing boards, 
patterns, foundry loam boards, core bars, and light work generally 
upon. They are made in wood and in iron, iron trestles being chiefly 
for foundry use. The trestles in common use are flat on their upper 
faces ; those for core bars are notched to receive the journals of the bars. 

» Trial and Error. — A method of obtaining correct results m the production 
of pieces of mechanism and of tools, commonly resorted to in workshops. 
It simply means that when the best results are obtamed possible with 
one set of tools, or with one method of construction, that another set of 
tools, or another method of construction is resorted to in order to detect 
the errors left uncorrected by the previous method. Thus the pro- 
duction of surface plates or of straight-edges is essentially one of trial 
and error. The centring of work in the lathe with chalk is done by a 
method of trial and error, and numerous other instances ■will occur to 
the mind. 

Triangle. — A rectilmeal or plane figure which is bounded by three lines 
or sides Having aU its sides equal, it is equilateral Ha-ving two 
sides forming a right angle, — a right-angled triangle With one obtuse 
angle, — an obtuse-angled tnangle With three acute angles,— an acute- 
angled tnangle. A triangle is the only figure whose shape cannot be 
altered while the length of its sides remams constant. Hence crane 
frames and roof trusses are triangles. 

Triangle of Forces. — It is a fundamental principle in mechanics that if 
three forces (equal or unequal) be represented in magnitude and direction 
by the three sides of a triangle taken in order, they will produce 
eqiuhbrium. Hence if three forces, equal or unequal, acting upon a 
pomt, are m equilibrium, then the magnitudes of those forces may be 
represented m a graphic method by the lines of a tnangle, the lengths 
of whose three sides are proportionate thereto, and drawn in the duec- 
tion m which the forces act The post, jib, and tie of a crane furnish 
a common example of the tnangle of forces 

Triangular Compasses — A compass (q v 1 used for dra-wing, provided 
with three movable pomts by means 01 which three centre pomts or 
dimensions can be taken off, and transferred at once from one drawing 
to another. 

Triangular Eule, — A rule having three faces, and used with the same 
object as the triangular scale (q v.). 

Triangular Scale — A drawing scale ha'ving three faces, each being dif- 
ferently divided. The dimensions on each side can therefore be set off 
directly on the paper without resortmg to the use of compasses, or 
without having separate scales at hand 

iMangulation — The desigmng of the bays in a Warren, or lattice girder. 
In a Warren girder the triangles are equilateral, m the lattice girder 
the bases are shorter than the sides, the stresses m the diagonals are 
proportionally reduced, and the weight is distributed more evenly over 
the flange ; there being a greater number of apices. Tnangulation is 
single in the Warren girder, multiple in the various fonns of lattice 
prders. 

Tnblet. — (1) A smith’s tool, being a round rod slightly tapeied, which is 

00 
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used ds a mandrel around which rings and nuts are finished upon the 
anvil. (2) The steel core upon which tubes are drawn to produce a 
smooth interior surface of uniform diameter. See Tube Drawing. 
Tnmmixig —See Fettling 

Trip Gear — alve gear in which the valves are opened and closed by 
moans of cams, levers, or catches. Tnp gears mcludo those of Corliss, 
Cornish, and other engines 
Trip Hammer — See Tilt Hammer 

Triple Expansion Engine — A compound engine in which the steam is 
expanded m three separate evlmders, one high pressure and two low 
pressure cylinders The triple expansion is rapidly superseding the* 
ordinary two-{}lindor compound engines lor ocean service 
Trip Lever. — A kver usually of the Ijell crank f«irm whose function is 
the rapid opening and < losing of valves The lever being hfted at the 
end of one ann for a ( ertain (bstance inf)veh the valve at the end of the 
opposite arm, but slipping off at a dt hnite stage allows the valve to go 
frcK? 

Tripod Jack A n \v jack (q v ) whidi is snppoitcd on a tripod of three 
iron legs 

Tripod Vice — See Tail Vi< e 

Trolly — A low strong tnuk running on a tramwav ITwd in engineers* 
yards for running (.istings, forgings, and heavy vvoik geneially, from 
one department to another 

Trolly wheel.— A smglo or doublo-flangtHl wheel whn h is attac bed to the 
iixlcH of a trolly (q v ) 

Trough! — (1) Th< tire-flav veswlg in wliuh the bur iron whidi has to be 
converted into Ht<‘(‘l by tie* < eincutation pro( t‘KS is plau'tl Also calk'd 
pots ('2) An> o[M'ii vesfrM'ls ('ontaining water, hardening mixtures, 
sand, or otlicr ma tenuis for snuUis* use* 

Trowel — A small ksil iisixl by moulders for smoothing over the surfaces 
of sand, making sand joints, and generally for shaping and finishmg 
iurfaocs. 8t'e Heart, ^juare, Dog-tail Trt>w el 
Truck — A low' carnage, a trolly, a bogie, the carnage of a portable crane , 
or in general any low c^cmago running en wheels. 

True Pitch — Uniform pitch (q v J. 

True Screw. — A screw whose pitch is uniform throughout 
Trumpet Mouth — Sc'e Bell Mouthed 

Trunk Air Pump. — A manne air pump in which the piston rod is made 
hollow to enclose the connecting rod, which is joints loosely within to 
its lower end Trunk air pumps are used in cases where space is so 
oonfinwl that Uio crosaliead and links cannot be employed 
Trunk Engine. — A manne engine the purpose of whose design is the pro- 
duction of so compac't an arrangement that the engine shall be eecure 
from the enemy’s shot below the water line The distinguishing 
feature consists in the piston ixvd being hollow or trunk-Uko m form. 
It passes through lH>th ends of Uie ij Under, being encircled by thu 
piston at its centre, while the oonnt'cting nxl is attached to its mtenor, 
tlie length of the piston nxl being saved thereby. Trunk engmee are 
wasteful of sU^i owing to the large eonductmg surface of ino trunk 
being exposed tlie air, and are not constructed now 
Trunk Plunger.— A pmnp plunger in which the connecting rod, instead 
of being attached to an eye at the upper end, passes loosely throogh the 
central portion, which is hoUowod out for its reception, to be attached 
to the lower end. The principle is that of the trunk engine (q.v ). 
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Tmiik ValTe — A term applied to that form of D valve which is 
made sufficiently long to govern tho entrance of tho steam to porta 
placed near the ends of the cylinder It is an antiquated form 
Truanion.— Tho centre upon Inch an oscillating cyliiidei moves. Usually 
cast as part of the cylinder and containing tlie steam ports 
Truss.-— A diagonal bnw'c employe<l to reecne the tlirust of a loaded beam, 
girder, or shaft TIio vcrtic.il thrusU on tlio beam aro received and 
transmitU'd through the diagonals, which aro thus put into a oonditiou 
of tensile stress 

Trussed Beam — A long beam whose power of resistance to bcmding 
stniins IS mcreased by transmitting those strains through a truss rod 
(q V ) 

Trussed Shaft — A long light shaft remlcicd rigid bv trusts lods arranged 
around it Tnisamg is applied to sliatts w liosc Itmgth is such as to 
require some intermediate sup(>oit, whii h support it is not convoment 
to give otherNN ise than by trussing 

Trussing — Tho atfonling of support to othcruiso weak strueturos by 
moans of trii'^s rods (q ^ ) 

Truss Bod — The kkI wha h j*.ihs<‘h frt»m end to end of a trussed beam and 
tlirough >\hich tlio strain due to downwind prt'Msiiro is transmitted 
The strains in a truss rod are tlioMi due entirely to tension Hence it ih 
a tie rod. A truss rod forms an angle with the beam whose strains it 
rccci\es, its (hstaiuo fiom the beam mci easing us it approaches the 
< ontral portions w here it ri*cei\es tho thrust of tlio strut oi struts, and it 
forms with the Ik am and stmt a triangle of forces (q v ) 

Truth — A term of very eonunon uso in workshops to dimoto accuracy 
Inaccurate work, or an inaccurat-o tool is said to be out of truth , tho 
getting of a straight-c^dge or gnndstone or square into correct outline 
IS termed truing up A shaft or a Hpmdlo is true when it is straight 
or in line, and of espial or correct diameter A pieci' of stutf is true 
when of equal thi< kni ss, or when not wunding , a cylindrical piece of 
work IS true when it fits to gauge or calip<*rs All tho tools used for 
mt uMireincnt arc* employed to < heck the truth of work 
Try Cocks. — Tho cocks screwed into a boiler shell at tho extreme hij^hest 
and lowest w atcr mui ks, w Inch aro used to chc*ck the water gauge itaelf 
in the event of the latter becoming chokc*d up or ceasing to act; tha 
upper one beuig tho steam, tho lower tho water cock 
Trying Coekf — Try cocks (^q v ) 

Trj^g Plane. — A piano used for produemg the utmost aoouraev attain- 
able m tlie surfacing of wood by hand Its length is commonly 22 in., 
and the width of ita iron 2^ in The inm is sharpened straight trana- 
versely, and tins combmed with the Icn^h of tho plane enables very 
true suHaces to be produced Viy its use It is used alter the ^aok plane 
Trying Up — Tlie planing of the surfaces of wood true, that is, straight 
and out of winding and at right angles with each other; hence 
the terms trying piano (q v ), trymg up machmes (q v ), try square 


(q ) 

Trying Up Xaohinefl. — Wcxxl-working machines for planing timlier, 
usually applied to those machmes used for tho heavier railway timbers 
for wagons, tracks, &c , m which the cutters are fixed on tho face of 
a circular disa. 

Try Square — ^Tho ordinary square, consistmg of thick stock and thin 
blade, nasd for checking the accuracy of the edges of work. The temi 
is used to distinguish it from the set square (q.v.). 
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Tube. — A pipe of wrought iron or brass. It is either welded, or aolic 
drawn. Cast-irou tube is termed pipe, or piping. 

Tube Cleaner. — A stiff brush or metallic scraper screwed to the end of a 
rod and used for cleaning the soot out of the tubes of locomotive, por- 
table, and marine boilers. 

Tube Cutter — An instnuncnt by which wrought-iron tube is embraced 
m a curved or hollowf^l portion provided at the end, and cut by a 
amoo til -edged, hardened Ht< <*1 roller actuated by the handle or level* of 
the cutter Tube cutters of circular form arc also made for cutting off 
boiler tulx'S from the inside 

Tube Drawing — (1) Tlio ]k rio<lical talcing out of the tubes of multitu** 
bular boilers for the purpom of thorough examination Tins should 
bo done at intervals of from hvo to ten yt'ars (2) The manufacture of 
tulsjH in vanous mat<‘nalM by drawing tliem through a draw plate, with 
or without the aid of a triblet (q v.). Tlie tubes thus made are eitlicr 
drawn tbroiigb at a -welding bt.it and ho united, or they are weldetl 
or brazed first, and iheu drawui to impart tho ntsesHary finish to their 
exterior and int<'nor Huifa< es, or they are solid drav^Ti, that is, e^st and 
drawn, or drav\n from a senu-fliiid mass oulv* 

Tube Expander.— A t-ool us<*d cba Hy b) boileimalcors for expanding or 
increasing tho djumetcr of v\'rougbt-iron or brass tills sfor sti'um boilers 
in tbeir tulio (q v ) 'lliere are s<'V(>ral forms lu use, but in pnn- 

eiplo Ui(*y consist (if a c( nfral mandrel, tapeied in form, by tlic serev\ing 
in of v%'bich an outer tube oi i oilers are lM)tb turned nmnd and intreused 
in diarnebT v\lu n idiwtsl vMtbm tho Iwiiler tuls^ and rotab d 

Tube Ferrnlei - -'riie f< miles of condens4 r tulK>s Sec Fcmilo 

Tube Plates — The plates into vvhicli tho tuls s of mullituhular Isulcrs, or 
of surface ooiideiisers arc instTUHl and foHb ihhI 

Tube Plug, or Tube Stopper — A jdug of vmxkI drnen into tho ind of a 
loahy iKuler tuls' to render it tcnqvoranly wuUr tight, or untd it is con- 
v'cnii'nt to roplute it witli a new tube. 

Tube Scraper — Soe TuIki Cleaner. 

Tube Stopper S<>o Tulie Plug 

Tube Suiifaoe — The total art'a of tlie exterior surface of tho tubes in a 
ourfaeo oondenscT Tho extent of this ana is variable in dittereiit 
engines, Inung dt ixiuient on the efficiency of the eold \\nter circulation, 
but it may bo taken to average ono wjuiire foot for everj tliree to five 
pounds of steam condensed hour 

Tube Vice — A elampmg apparatus littiHl w ith a vertieal screw, and used 
for holding wrought iron tulio whilst Uung cut off or strewed Also 
tenned a pipe vie<' 

Tube Wrenob — A pipe wnmeh (q v ). 

Tubing. — (1) Tubi^s Tula' ) (2) Tlio insertion id tulies in a boiler is 

call^ tubing tlie boiler Sts' Tulw Kxpaiub r 

Tubular Boiler— A stt'am ItoihT provided v\ith small water tulies or 
pipes to men aw* th<' uimuint of luatmg hurfuie without imdidy milling^ 
to the bulk of the 1 m»i!it It di'iiot^^ iu> t\pi of }n)ilerm ji.irtii ular, 
but any f(»mi w hu h i*« pro\ uhil vv ith tiiK s, jmcl hiau e i nibriet •< marme, 
locomotiNo, ]Hvrtablo, virti*nl, hori/ontal, and W'ltuaial Imilcrs 

Tubular Compasses A pair of drawing eompaxsos whose Kg*' .are hollow 
tuWs, within wliK h otlu r tuln^s move tt lcM opu ally for the purpow,* of 
inenxuMng then eapat ity These sliding bars uImi carry reversible 
jxuiits n>taUiig around pivots, |>ouit ami j>encil on ono side, jK'int 
uik on tho othar. 
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Tnbahu: Girder — A box girder (q v ) of largo size. 

Tubulous Boiler. — A tub^ar boiler (q v ). 

Tucking In, or Tucking Under— The tlinisting of the moulding sand 
around and underneath the lower portions of patterns which are bedded 
in. (See Bedding In ) TuLkiiig under is not necessary when patterns 
are turned or rolled over in their moulding boxea. 

Tucking Under — Tucking in (q v.). 

Tue Iron. — See Tuyere 
Tumbler.— A rumble (q v.). 

^Tumbler Bearing. — A bearing u'^ed specially for gantry (t| y.). driving 
shafts When the erab tnixels along the gantry it carries with it a 
sleeve be\el-wh€'el, having a wpiaro central hole fitting on and sliding 
along the square sliaft, and driving it, and with it the tiavelkr whec'ls 
at the ends. The long sciuare dnvung shaft, though supixirted at tin* 
ends and by the bov el-wheel on the erab, it‘quir(‘8 also intonnodiat<» 
support, and this is supplied by ihn^eor four tumbler l>eanngs, plaet*d 
e^iuidistantly, and pivoting on the girder MidoM, Idieir p(‘<‘uliarity is 
tliat they are movable, lieiiig depressed by the crab as it travels along, 
and returning to their jiositions again immt'diatt ly that it has passicl 
over The commonest and typical form is that of two arms t4i»t at 
right angles, and having their hearings at their fiee ends, the jHiint ot 
junction of tho two lx mg IkjshcxI up to swing on its pivot Othei 
fonns m«tK intm ate iii desiirn .m* in use also 
Tumbling Bay — A moans of tc'sting or ascautaiumg tho pcrfonnanco of 
a coiidensing-eiigine Tlie water from tlie hot well is neliverfsl into a 
trough and made to circulate over and under plab'S of metal. The 
wat< r« scapes from the trriugh through a notch of (h'linite width cut in 
a thm plate of brass This is called tho tumbling- bav The tonqH ra- 
luro of the w’ab’r vvhifh tumbles over is taken by a themKunctor, and 
tho quantity jiasMiig per minute is ascertained bv tbo differenoo in 
height ot tile nob h and of tho water in th(< trougii itself Knowing 
tlie quantity thm fore which passes jx'r mmiib<i and comparing tho 
temjvratun of tin in jet tion water with that of the wat<‘r which fulls 
ovtT tho tumblmg-bay, tho amount of heat lust per mdicatod horse 
power can be as* crt.nned 

Tungsten.— SjTnbol, W Comb weight, 184 A rather rare motalwhu li 
IS of inten st to the steel manufacturei from the bc*nch( ml effwt whn h 
It pnKlurcs in combination, making, when the amount of tungsten 
presc'iit d(K'8 not cxcecxl from one to three per cent a very pure hi1v< ry 
white steel of uniform crystallization, Isdn hard and ductile Win u 
present in greatcT amount, it produces a hard tool steel whn h dfM's not 
require further hardening for cutting purposes Tungsten is denvod 
from the mineral Wolfmm where it is combined wiUi ferrous oxide 
Tuuuel, or Shaft Tunnel. — The enclosed space m tlie stem of a steann r 
through which the propeller sliaft paHsc*s 
*Tnnii0l Beariugi. — The propeller shaft beanngs within tho tunnel (q v ) 
os distinguished from the thrust and mum >>earing8 
Tunnel Head. — A chimney surmounting tho (barging holes of open 
topped blast fum.Kcs to carry the flame char of the (diargmg hob s 
Tup — The ma.ss of iron which ronstitu tea tho hammer head of a *»*' >i 
hammer, bein^ att ichcd ducctly to the piston-rod on one side, ana 
neceiviiig the hammer block itself on the other. 

TurkiM — A water motor consistmg essentially of two horizontal rings of 
one ling being enclosed within the other, and its bm^kets or 
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chutes becoming the guides to a column of water, which haring 
descended by grarity under a definite head, is caused to impinge on 
the buckets of the outer ring, and turn it by reaction This is the 
principle of the outward flow or Pbumeyron turbine In the inward 
now or central discharge tuibine tlie method is reversed, the water 
entering from witliout and est aping inwards In tlie Jonval or down- 
ward flow turbine the discliargo is fiom al>ovo downwards In the 
Vortex turbiiKj the water is admitted frtmi without and actuating the 
vanes passes out at the centre above and below ; and the turbine may 
either be fixed horizontally or vertically In the Girard turbine the 
water does not act by reaction at all, but impinges on the curved side^ 
of the buckets only Tins also can be used in a vertical or horizontal 
|)Osition Spt*cial turbines are also construcbsl in which improvements 
or modiflcalions or conibmatiorm of these* arc introduced, so that from 
the original 8iini»lo outward flow of M Founiryron a vast v^ariety of 
useful motors have Ix^en developed Turbines are Ingb pre‘4Mure v^hen 
running under a great load of wnb*r up to 1100 or 400 find, the nngs 
being then of small diainehr; lliey are low pressure wlnn under a 
small In ad, and arc then of laige diameU*r Heads as low as 0 in 
will drive a tuibine Turbines working unde r a constant head have 
their chnU's ui vain s fixed; when desiginxi for a variable head, the 
blades are made movable With the exception of the Girard tj^ie, 
turbineH will woilc irnnc rsed in waltr without loss of energy due to the 
fiictiou of tad water Their iiui hann al efli* leiicv ranks very high 
Turn Carnage.— Th e iKigio urraiigtramt for swivelling the axles of tlie 
front whemfl of a jiortable pump to which the drag handle is attached 
Turned Boltl.—Tlu se are used on all good machine and engine work, 
thoir holes being drilled or bored to make a good fit The employment 
of tumod bolts is necessary to prov’cnt the displacement of parts due to 
vibration 

Turner — Turners are a distinct class of men m engineers’ factories, st ldora 
leaving the hitbo foi the vice The skill of a turner consists chiefly in 
rapid chucking and in reatly manipulation of tools, botli m their grind- 
ing and setting 
Turnery, — See Machine Shop 

Turning — Tlie art of bringing w ork to circular funn in a lathe Turning 
la done by hand and ma^iine tools, and m wood and metals , it is both 
plain and oniamentol, and while some of its productions are of the sim- 
plest character, others are of the most complex and highly ornate kind. 
Fattem turning is usually of a simple chameter, and seldom automatic, 
being only so when parallel pipes or pillars are done in a slide rest 
lathe. Engincors* turning in the macliino shop is nearly all don© 
in automatio lathes provided with self-acting slide rests It vanes 
from the smallest spindles, screv^'s, pm<«, &c , t( that of tlie largest 
crank shafts, cylinder^, and wheels 

Turning Chisel — An obi uiuelj -ground doublj -iK'velhsI cbist l us<*d fof 
turning smootlily , or finislung the surfaces of w ochIw ork in the lathe It 
is not held flat, but at an angle w ith the axis of the stuff Much pattern 
work being of large diameter and necessitating the employment of the 
Boraping or ordinary firmer chisel, that is also ireqnently though incor- 
rectly termed a turning chisd. • 

Turning Qouge — A long stiff gouge used for turning or roughing down 
the surface's of wood in the lathe. Gouges range from | to 1} m width, 
turning Lathe.— See Lathe. 
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Tsmiiig Chrer*— The method of moulding by which both rides of a pattern 
are rammed up in succession. Used m opposition to bedding in (q y ) 
See Rolling Over. 

Turning Point — That point of a structure around 'wliuh the statical 
moments are supposed to act. 

Turnings — Tummgs, boring'^, and other inetallu' sha\ings cut off by the 
processes of turning, boring, dulling, pbimng, slmping, slotting, &e., 
are, when of cast iron, utilised in the making of mui cement; when of 
wrought iron and steel are fagoted oi lemelted , wlien of brass and gun 
metal are remelted. 

Turning Saw. — See Bow Saw 

Turning Shop. — See Machine Shop. 

Turning Tools. — For pattern nuiker'.* wood turning, oon'»iHt of gouges, 
thiseH, round nose, diamond point**, ^ule toi>ls Foi nicbil tuniing 
they comprise roughing tools, spring toitl**, light and left-hand tools 
and gra\ers, tlie angles of eat h being inodihi'ti for us** with stee*!, 
cast iiou, gun mctul, and copper Sei details undoi these specific 
headings 

Turn Over Board — A board used for ramming a pattern upon ; when, 
first, the pattern is so flimsy that it would othi'i u ise become rammotl out 
of truth, or when, secondly, the quantity of castings ifsiuiriHi is so largo 
that the use of a board will saio the time the moulder wouhl otherwise 
occupy in making sand joints. Also called bottom board and joint board. 

Turn Over Skip — See Skip 

Turn Screw — A screw dn\cr (q v ). 

Turntable — A platform oi table used for changing the direction of 
motion of rolling stock. The table revolves on a ( iicuhir line of rails, 
and the top of the table is furnished with lails of the same gauge and 
height as tlio permanent wav Turntables, w’hen largo, are usually 
built up with nsh-bellied girders and distance pieces , when small, of 
cast iron or of a ring of H (4 v ), ai loss which the i>]ates which carry 
the rails are laid Turntables commonly revolve on a live nng (q v ). 

Turret Re»t.~Seo Capstan Tend Ibst 

Tuyere — The pipe through which a cMirrent of air or Idast is conveyed to 
a furnace. Trio tu^ins for blast furnmes, cujwd.is, and Hmiths’ Aren 
are formed on different t)|x.*s, at cording to the s|hs lal work which they 
have to do In nearly every case they aic cooltsl by a rurr«'nt of water 
circulating around the iio/xle Also H[)elt twyere. A smitirs tuyere it 
often called a tuc iron. 

Twin Screws. — A p iir of propeller screws, right and loft handed retperj- 
tively, placed on separate parallel shafts, anti designed to neutralise the 
tendency which each alone would have to produce vibrmtion or rolhng. 

Twist. — Sec Anglo of Flexure, Torsion 

Twist Brill. — A drill grooved longitudinally and spirally for the clearing 
of the waste material, the swaif or waste passing spirally up the shaft 
or twisted giuoies A drill of this form need not lie pcnmlically with- 
drawn from the hole for the purpose of affording clearance to the 
borings, as is the case with the ordinary form, anci Ixung circular in 
section IS not so bable to run out of truth in the hole as is a drill of 
the common type. 

Twist Brill grinder — Since so much of the efficiency and sweet working 
of twist drills depends on the angle of their ( uttmg lips being main- 
trined intact, grinding machines nave been devised, and are used in 
most large factories, by which this constant angle is maintained, the 
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drill l)emg held in a socket or clip against a rapidly revolving emeiT 
wheel. 

Twisting Moment. — The measure of the amount of torsion set up in a 
bar. It 18 equal to the product of the twisting force into the distance 
from the centre of the bar at which it acts. 

Twisted Belt. — Driving belts are sometimes twisted to secure their better 
adhesion, and so save the trouble of tightening up But, as conmonly 
understood, twisting refers to the turning of a belt through a d;3dnite 
angle, to drive pulleys whose axes are not on the same plane, or to 
drive machine's m opposite directions. See Crossed Belt, Half -crossed 
Bolting. 

Twist Wheels. — See Screw Gearing 

Two High Mill —See Two High liolls 

Two High Bolls, or Two High Mill. — Two rolls only, one above the other, 
for rolling bar iron, or plates In such rolls the bar must, when passed 
tlmjugh, ho eitlier drawn back over the h)p, so losing a pass, or the mill 
must !)(' rev( rat'd See Thiee High Rolls. 

Two-jawed Chuck — A lathe elnit k haMng two jaws only opposed to caeh 
ntlu'i They arc either indeja'iident, or unuersal in movement, in the 
first ease Iwing actuaUd by distintt st rew s, in tlie second by a single 
sert'w Hjundle, v\}if>st' liulves are furnished witli right and left-handed 
thri'iids res})('( tivelv . 

Two Salt Waters — S(*a vnter tontinn** of its ut'ight of salt. When it 
ispreveiittsl fioni ex<(cthng ,*i of itsw(ii»-ht in the hoilt'rs of a marine 
engine, no iiu i ustatwni ol inoiutnl n< t uniiilutes Hence tin* Ixnlers 
must Ihi blown out sufluuntl^ ofit'u tt> prevent the density from 
ex( etding two salt watc'rs 

Two-throw Crank. — An axle or shaft having two cranks forg“ed ujion it, 
the eruuks lieing usuallv situated at right angles with each oUut. 
Used for double ( jlituler engines and double-barrel pumps 

Two-way Cock — Most eis'ks are two-way e(H*ks, that is, haMng one 
passage for tin? eiitranet* of the fluid, the other for its exit, the valve 
dividing tli(^ ])aMsai»-e and regulating Um flow In tlu'se thi'refort' the 
fluid tail only xaiss m one straight channel fciee Three-way Coc*k, 
Four- way Cink 

Two -wheeled Barrow — Barrows having tw c» w heels extending one on each 
Hide of till' front of tho liairow', instead of tlie ordinary etntral one, are 
much used in foiuidriea for wheehiig the castings and moulding Isixes 
alxmt, Is'cause the risk of their overturning is minimised tin rehy. Used 
also m machine and ertx'ting shops and jards for a similar jmrpose. 

Twyere -SiHiTuven* 

Tymp.— Tymp Stone, Tymp Plate 

Tjta'p Plate, or Tymp simply — A plate of cast iron over the hearth of a 
blast fumaee which encloses tho tvmp stone 

Tymp Stone, or Tymp simply — Tlie stone which forms tho front or 
top of the hearth in a blast funun'e 

Typical Sugine — Signifies an ideal engine such as could not exist in 
wt, but which might be imagined to exist if the theoretical values 
of tlie principles involved m its construction could l>e obtained in 
practice. Alnw a jsreiieno term denoting any engine which nught be 
relegated to a certain tyx>e, as a single -acting engine, a pcrtable engme, 
a compound engine. &c 

Tyre— A steel Xing wnicb forms the periphery of a truck wheel, or running 
wheel. It is shrunk, bolted, nveted, or otherwise fastened around a 
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whoei centre (q.v.), or a built up centre of arms and boss, or is hold by 
some form of contmuous retaining riny (q-v.)- T3rrc8 are rolled from 
blooms of Bei^mer steel whose section is that of the frustrum of a oone, 
the centre being punched out and the shape being imparted by rolling 
on open end rolls. 

Tyre Bolt. — A bolt whose head is taj)ered similarly to that of a tyre rivet, 
but at a rather more acute angle, and used for the same purj)08e. The 
nut 18 fastened within the nm. 

Tyre Bing. — See Retaining Rings 

Tyre Bivet. — A form of rivet specially used for fastening t^Tcs to whtvl 
bodies. The end which enters thiough the tyro is ( oineal, the ]T>art 
passing through the bod} ]>arallel, and the n\(‘ted iiul isfonned within 
the run It is therefore .t < ounter-suiik rivet m wlucli ilic hiper of tho 
oountcr-sunk part is small. 


u. 

IT Leather, or IT Packing. — A pump leather pai king whoso section is that 
of the letter U mvert“d 

Ultimate Set — 'Fhe difieri'iiee between tho length of a spenumen plate, or 
bar, Ix'fore testing, and at the moment of fiaeture, and given in per- 
centage of the length This amount in eonjunetion with tho reduc tiou 
of area (q v ) is a raeasuie of the ductility of tlio plate or bar Since 
it 18 measured after fracture by lading tho broken ends ti>gether, it is 
also termed the set after fracture 

Ultimate Strength — S^TJonyinouh with the lo.id wliidi protluei's actu’il 
fracture in a structure The ultimate striiigth is usually takt ii us the 
basis of call illations by engine ers, as atfording more dftinito data than 
tile ilastic strength 

Undercut. — Ajiattem is said to la* undercut wlnii thoso jHirtions of tho 
patte^ni whnh are lowenramt in tho mould sIoihj ls‘}ond tho jht- 
pendu iilar, HO that tin} ( aiinot l»e drawn out w ithf)ut tearing up the 
sand along with them It is tho reverse of taper (q v ) When parts 
must unavoidably he undenjut, tho only ( oursi> is to e oro these portions, 
or to lift uway the sand around them with a elrawbaek (q v ) 

Under Frame — Tliat p)rtion of a truck or wagon which contains tho 
bf‘armg springs for the axles, the hufft r and dniwbar spnngs, tho axh^s 
and axle lx)xes, witli their wins Is Tho under frame itself consists of 
soles, or side timlnTs, In adsbs ks, or end timhers, cross bars, or trans- 
verse timbers, and diagonals, all formed of timUT united with WTought- 
iron knees and bolts 

Under Poled — See Poling 

Under-shot Wheel. — A water wheel which roc<jive *8 the whUt near tho 
bottom of tho periphery, and whose motion results frf)ra tho impulse 
due to the head of tne water Tho water is coufmed between masonry, 
80 that none of its impulse ui wasted. 

Unequal Lap. — This is caujM-d by the* oblujuity of couucctmg resl (q v.). 

Unequal -tided Anglee Angle Irons. 

Ungeared. — A hithe or dnUmg machine it said to be ungeared when it ie 
unprovided with back gear (q.v ). 

Unilhmiit^ of Section. — bigmnee tiie proportioning of the several parta of 
a inachme or etmotnre to that no pant ehall Ui weaker than another. 
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in proportion to the strain whicli it has to bear. If the sections are 
not proportioned uniformly, an excess of stress wiU be put upon the 
weaker parts which will render them still weaker. The increase in 
diameter of a eottared end, and the increase in diameter of the screwed 
end of a rod, are ill iisi rations of the maintenance of uniformity of 
section 

Dniform Load — A load which is not a 'variable load (q v ), and whidi 
therefore docs not indu( c Svi great stress as the latter 

Uniform Pitch — A screw is said to bo of uniform pihh when there is an 
equal distance l>etweon the hehces, or blades, as distinguished from 
increasing pitch. 

Uniform Motion.— Motion, the rate of which is uniformly proportional to 
the tune occiipunl tin i< in 

Uniform Strength A ht'am (>r Htnictme is said to lu* of uniform stiengtli 
wlnn the moment of r<*sistaiice at any ]M)int is equal to th» bend- 
ing nK)Tn(*nt v ) at tin same point In otlur w*ords, when tiuh j art 
IS in an c(|ual (saidifion of sfuuii n lati\< ly to its sticngth 

Union.- A coniuH ti<»n joint tor wafti jiqnng made in three pn'ces, two 
being no//b s foi attaclnng to the pijies, and tht' thud, a nut screwed 
internally, having also an int<*nml shoulder which clips a corres|Kmding 
shoubhr upon the nozzle, whose t ill end j)assi*s through the nut A 
ring of india-rubbtr, <jr othir iiiqM-rvious laatciial is laid betwetn the 
nhouldors lH'f«»ri- thi' nut is si'rewisl down 

Union Wrench.— A tomin\ -shapiMl wnneh us«d for tightening up tin* 
loints of muon sirews It partially embraei's the eircular nut, and a 
hole dulled in the wrein h slips over one of the horns tast on the ‘•ide of 
tho nut. 

Unit Boiler. — A sec’tional boiler (q r ) 

Unit of Heat, or Thermal Unit — Is a quantity of heat which wdl pro- 
duce a certain effect, tin<l which is uw>d as a standard by whicli tJ com- 
pare other quantities of heat Tho English unit is tho Joule, or 772 
loot pounds, that being the amount of work necessary to raise tlio Uon- 
poraturo of one pound uvomlupois of waU*r at or near its ti'inperaturo 
of groatc’st density .‘It) F through oiiedegus* F The Frciu h thermal 
unit IS cHjual to one kilogramme of water ruistsi one degree C m tempe- 
rature, and is csjual b) ;i t)7 English units 

Unit of Mail. — Any dehiute weight employed uimeihamcal calculations, 
as a pound or a ton 

Unit or Work. — A foot pound (q.v.) Tlio French unit of work is one 
ktfofframmrtir^ or one Kilogramme i a imxI one metro high It is equal 
to 7 2lbll foot ixiundfl. 

Units —Mechanical units arc either tliose relations of things wliich have 
their basis in natural law, or are con\ ontional standards commonly 
ognsHl ujKm as In ing eonveuient for caleulat'ons. Tims the unit ot 
heat has its foundation in a natural and interchangeable fact, hut a 
horse-power, or a fvHit pouud, are sunpK conventional rules aceejited • 
by tho mutual consent and use and eustom uf engineers The great 
primary nuH'hamoAl units use<l by engims rs are tin Joule, or unit of 
heat ) . the foot j>ound or ton , ilie inch pound, or imh ton, and 
the HoP* But Ivesides these there are rtiany scores of secondary units, 
as the power of men, tho electric^d standards, and so farth 

Unit Btrongth. — The ultimate unit strees (q.y ) of a material, or that 
which causes fracture 

Unit Strata. — ^Tho stress upon a unit of sectional area, as a aqnatt inob 
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or square foot, with a given amount of force. Or the ultimate stress 
per square inch or square foot of section which would cause fracture 
It is represented by the letter / In a structure whose sections are 
subject to various degrees of stress the relative stresses of tlio several 
sections are sometimes conveniently iefen*ed for comparison to a single 
pnmary stress, and this is also tonned a unit 8ti(‘ss Thus the unit 
stress m a Warren girder is that of the ha) s next the end, wlieneo lu a 
girder loaded umforftily or at Uie eentrt', and ha\ mg tlie longer llange 
lowermost, the stresses increase by simple proportion through succes- 
sive bays towards the centre. 

0mvertal Bend. — Two liends nrovided witli a swi\ol joint, so tliat they 
can be turned round b) any desired angle m ri'lafion to each other. 

Univergal Chuck, or Concentric Chuck -A jaw chuck t\hoHe jaivs are 
endowtsl with siinult.nitHius iuo\t‘im‘rit tor instantjuieous ccntimg of 
the w'ork The jaws of umiersal < bucks uie actuated by gear-wheels 
w'urkmg in a ('ouimon rack, oi by a wroll, oi by a comhmation ()f both, 
the lack and juiiions in this cam' nioMiig the stioll Thev are also 
moved h^’ means of a key or h \er oi hy hand All universal chucks 
must of ue< essitj consist of two mam jsii turns, a front and a haok plate, 
or an inner and outer shell iiu losing the gearing between them See 
Combination Chuck 

Umvenal Coupling — St‘o Universal Joint 

Univerial Joint. — In Hook’s gimhal j'onit the ends of tlu' sluifM to Ihj 
connected are prolonged into forks which swivel on the ends of a cross, 
each arm of which also swivels in an arm of the forks Used lor carry- 
ing shafUng round angles of buildings Other forms of univ'ersal jolrit 
are used for pipes and rods, being nuHlifii ations of tlu' ordinary ball-and- 
socket or globular jomt, the bull lieing retained in jilace by moans of a 
flange slipped over it and screwed to an opposing flange 

Univertal Seale — A scale (q.v ) used for drawing jmrpost's u|>on which 
all proportional divisions in ordinarj' use are engr.ivi'tl m parallel rows 
The ohjK’tion to universal s<‘alcs is that measurements, oxet'pt w'hcn 
along the edges, must be taken off bj dividi rs instead of being set off 
from the edge directly on the paper 

Umvenal Square. — A centre sfjuare (q v ) 

Unitable Equilibrium. — Unstable is^uilibnum results when the centre of 
gravity of a body which w m equilibrium is situabni at its higbe*st point 

UUByxnmetriesl Baiuni. — Beams whose cross miction is irregular r onsiderod 
with reference to the quality of their strammg moments In other 
words, beams whose centre of momentM does md coincide with the 
oeutre of gravity 

Uuturred Bopes.^Manilla ropes (q v.). 

U Paekiug. — See U Leather. 

Up End, or Up Ending — A term in frequent use by en ctors to signify the 
standing up of a heavy piece of work upon its laid 

Up Hand. — Up hand signifies the metlusi of using a sinith’s sledgehammer 
for light work The slcnlge is held in the li ft liand and Jifb d and 
thrown down by the right , the latter slide’s fre< ly up and down the 
shaft 

tiyiiaud Sledge — Uphand sledge denotes tlie lifting f »f tlie sle<lgc over the 
work, m opposition to abont sledge (q v ) See Uphand 

Upright Chuek. — A wooden chuck furnished with a pair of slotted jaws, 
or with a single law only, by which work is held which wouhi not con- 
Tcniently be Wld in the hollow or ordinary form 
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TTpsetf Angle of. — See Angle of Upset. 

Upsetting. — Jumping up (q.v.). 

Uptake. — (1) The internal flue of a vertical boiler leading from the fuznaoe 
to the outer flue or chimney, ( 2 ) The flue of a marine return flue 
boiler. (See Dry Uptake, and Wet Uptake ) ( 3 ) The short vertical 

chimney of a gas producer which forms a communication between the 
firo-bnck chamber and the gas mains. 

Uses — Hough pieces of metal to be used in the welding (q v ) of heaiy 
masses of forging Or any rough heavy mass of metal from whicii 
])n*eeH of mtK^ lianism arc to be shaped Uses are prepared at the forgo 
mills and deli v( red to the orders of customers \\h() do not possess 
machinery suflu lently heavy to forg(‘ largo masses of matonal. 

V. 

Vacuo, or In Vacuo. — A term uW m cah'iilations on the Whavnuir of 
falling lM»(li< M and lupiulh, hy -wIikIi tin ir \t Io( ity is nderred to that 
of a l>ody falling in a nu< uum, or xn vaiun^ in other \iords, not subject 
to the retarding infliu lu e of tlu' atmosj)b( re 

Vacuum — A va( uum is stia tlv siKMikinga ‘jpace absolutely d<’\oid of air 
In engim r ring it only siirnifn s a spme pirti.illy empty Twenty-six 
or tbirtu n ikiuiuIh, is a very goo<l >ia uum 111 a tomhnstr See 
Vueuuui G'lutre 

Vacuum Brake \ form of c<»ntiMuouH brike in y bu h the st« am i>r< ssure 
iK’tuating thnuigh a sb-um j< t or an an ]»umjt i** m.ulc toj^oMhue a 
partial vacuum uguiiist yhuli the pn ssore ot the atmovj)ln re then 
operates 

Vacuum Engine — Au nigiiio m yhuh the poyer is gem ra toil hy the 
explosion of a gas j)ro<lut mg a mu uum, the air th« 11 ruHhing 111 to till 
the lacuum 

Vacuum Gauge— A gauge used to register the amount of vaciumi m 
the condeiisi'r of a steam (‘iigine or in anvi«‘<Ml in yhich u partial 
\aciium IS juoduced hy the <«\haustion of air Vacuum gauges are 
dial gaugi’s (ij v ) and are graduaUsl from zero to thirty pounds 

Valve.-A mo\ahle com t or hd, by means of yhicb the ingress and 
(‘gross of fliiuls and gaH«‘s is n'guluttsl There are various kinds of 
valves Set* uiuh r their lieads, liall, bucket, disc, flap, lift, slide, sjiiral 
winged, (H]uihl)num \alv<*s, and otliers 

Valve-box — The 1m>x or easing, rectangular or otlierwis(% m which the 
Miht's of pumps are plaecsi. AlsoUie sWain (heat which eoiitams the 
slide \alve of an engine 

Valve-Bridle -Sis* Bridle. 

Valve Caeing — A mUvc-Ikix, or valve ehamWr 

Valve Chamber -- A i hamln'r which contains a valve, and within which 
it works I'sually understood to denote a steam (jheat ratlier than a 
clack or valve Istx 

Valve Cbeat. A vahe easing or sh am chest (q v.) 

Valve Circle - 'nu> ( mde on a \alve diagram (ij v ) whoso diameter is 
(Mjual to tlu' half of the %aho There are two such circles on 

the diagram 

Valve Cock. — A 000k of the ordinary outline, gland, bib, faucet, or 
otherwiao, which owns with a lift valve, and hand wheel and acrew, 
or by means of a ^ding valve ; instead of by the taming of a plug, 
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as in a plugf cook (q.v.)* R globe valve is therefore properly termed 
a Talve cock. 

Valve — A diagram by which the position of the slide valve for 

any position of the piston, and conversely the position of the piston for 
any position of the ( alvo, rmy be detennincd graphically. As a con- 
sequence the relative positions of valvo and piston at the instants of 
opening , cut off, cushioning, release, may also bo dctemiined Tliere 
arc numerous modes of constructing valvo diagiains, Dr Zouner’s 
being considered the simplest 

Valve Face. — Tho face against \ihicha slidi! valvo works or slides, and 
therefore properly distinguisljed from a vaho seat (q v ). 

Valve Gears — ^The mechanical arrangements f«>i af tnatmg slide valves, 
both for single and reversing action, em]>racing slot links, rods, pro- 
vision for expansion, automatic or otherw'iso. 

Valve Plates — See Cut off Valvo (q v ) 

Valve Bing. — ^An equilibrium ring (q v ). 

Valve Bod Gland. — Tho gland which closes tho stufRng-hox of the rod 
of a slide valve. It is screwed to the steam i lu'st and maintains tho rod 
steam tight 

Valve Seat, or Valve Seating — Tho heniing BiirfjK’c, annular or otherwiw', 
against which a valvo tits when < losing or shutting off, propcily 
applied to the seatings of lift valves ami plug valvi s 

Valve Sector — (D A slot link (q v ), aKo t( nned a quadrant (2) A spo- 
cifir name for the vertiral sliding link of an oscillating cylinder engino 
which communicates tho motion of the oc<‘ontric to tho valvo rod weigh 
shaft 

Valve Spring — A spiing of either the plah'd or spiral form, usi'd for 
forcing tho packing or c<piihhrium rings of slido valves against thoir 
working faces 

Valve Stem — A v alve spindlo or rod 

Valve Yoke — Tim hndk* (q v ) of a \ah<‘ rod 

Vanei — Tho buckets or guidts of turhiiies, or llm flat expansions of 
blow ing fans 

Variable Ezpaniion. — Tlie expanHir>n of steam in an i ngino wlioso amount 
of expansion is not <onstaut, but iaj>ahle of altiTatioiis under tho 
varjuiig conditions of tho work or stniin thrciwn ujsm it It may cither 
l>e automatic expansion h| v or txjiansion (Ih'ihsl through tho 
medium of some tyjm of hand gear, hy wlm h either tlu) amount of lap 
of tho mam slide valvo is alien d, or by means of a hack cut-off 
valvo (q v ) 

Variable Expansion Gear— .S cn3 Autoinatu’ Expansion Giar, Vunable 
Expansion 

Variable Load — ^ee Livt Load, Osf dialing Stn sscs. 

Variable Motion. — When a IkxIv moves over equal spaces in unequal times 
its motion IS said h) Im variable 

Varnish — Shellac varnish (q v.) is used to protect pattern s from the action 
of the damp foundry sand, in whuh they are often finlx^dded forH<;veral 
hours at a time, and likewise to furnish a glossy skin, which facilitates 
wathdrawal from the mfmld Two or three coats are laid on, tho 
varnish being glass-pap^ n^i down after eaih application. In spite of 
varnish, patterns of eon«iderable width are found to swill in the sand. 
Ilcfuce tho nc<esHity fur ojieii joints (q v ), but small patterns remain 
practically unaffected Sec alisf Lacquer 

Varying Lap. — ^To produce vanable expansion (q v.) it U necesHury that 
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ilie amount of lap (q.v.) of the iJide valve should be rendered capable of 
vanation, since tnat governs the point of cut off. 

Varying Lead — The lead of a valve designed for the same purpose as 
varying travel (q v ) Jt is not employed m practice. 

Varying Load — A variable load or live load fq v.) 

Varying Travel — Ihe difference in the lengths of travel of a ehde valve, 
m order b> funiisli the different amounts of lap necessary to effect 
variable expansion (q v ). Expansion gears of various kinds are 
einplovtd with this object, the usual method being to set the sliding 
blo<-k from •which the valve rod rctcivts its motion at a tX)mt nearer to 
or further from the centre of the slot link 


Vee’d Edges. — The edges of automatic metal working machines which are 
embraced by the sliding vee’d portion*' of the movable parts Tlie edge 
of a lathe l)cd embraced by the sliding rest, or the edge of the cross 
travel of a planing machine* are familiar cases m point Tlie angles of 
these (dgOK are < ommonly 00" 

Vees.— Hoe V( (*’d Edges, Vc'C Strips 

Voe Strips - Loose strips haMiig angles corresponding with those of the 
vee’d edgi'H ((j v.), along which tin v shde, and by means of which the 
omount of slack due to w'car is taken up. Hence called adjustment 
stmis (<] V ) 

Vee Tnreaded Screw - ’Flic ordmary Whitworth screw of angular thread. 
Hc’e S<'icw Threads, VV'bitworth 'J’hread 


Vee Welding — A irnsle of welding the plates of lioiler flues in which there 
is neither butt nor lap ]>roperly so called, but in which a strip of square 
red is inserted angb^ wh\s Is twcnn the inarlv .ibutting edges of the 


plate, so that it nnib'S the (dg(‘s upon tw’o sides of the nd 
Vegetable Oils —Oils expresscsl from the sc*ods of v c^getahles, and used m 
lubncatmn, or for paints Tdn y are either non-dning or drying oils 
(q v ), and embrace almond, liecxh, castor, cotUai sc*ed, nut, poppy. 


hemp seed, olnc, palm, rapesoed, and other oils The oil is expressed 
from the seeds by pressure, or by pressure and heat combmed £ape 
seed oil is exnrossocl from the seeds of the rajK) {Bras^xca napus) It is 
not a good lubncant uscxl alone, being liable to gumnung and acidity. 
Castor oil and ohvo oils are good, and are noted under their headmgs. 


See also Linseed Oil 


Veins —Irregular wavy markings on the sui'facesof caatm^, •which occur 
when too much blacking lias been used in the mould The metal 
swells the blackmg up into flue ridges, hence the marks They do not 
injure the casting, but look unsightly, suggesting to inexperienced 
eyes incipient lines of fracture 

Vein Stuff -Gangue (q v ) 

Velocity. — The rate at which a moving bedy changes its poeition under 
the action of force impressed upon it from without Vdocity is com- 
monly estimaUd in feet per second It may be cither uniform or 
variable, that is, in the former case when the body passes over equal 
distances in ecjual times, m tlio latter w'hcn the space moved over in 
consecutive soc'onds v anes Velocity is either Imear (q v ) or angpilar 
(q T ). See also Virtual Velcxnty 

Velocity Entio.— Signifies the projiortional velocities of bodies which are 
mutually cnmnected, as lovers, gearing, &o. 

Vena Contracta, or Contracted Veia.— The contraction in area which a jet 
of water, or other effluent liquid undergoes in issuing from an aperture 
in a thm plate. The reduction ol area ie in the ratio of *6 to 1*0, the 
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latter being tbe area of the aperture ; the distanoe at which the oontrac* 
tion takes place from the opening being about half its dmmeter. 

Vena Contraeta Mouthpiece —A mouthpiece adapted to the vena contracta , 
being made doubly conical in section, m order to prevent the loss of area 
due to vena contracta (q.v ). 

Vent — The calorimeter (q v.) of ^ boiler multiplied by the length of the 
flue in feet is termed its vent 

Ventilating Bucket — In overshot 'water wheels the water as it descends 
into the buckets would bo partially driven out again by the reaction 
due to the compressed air withm the buckets, but for the precaution of 
leaving a slight opening between the bucket and solo plate, through 
which the air escapes , hence the term 

Ventilating Fan. — An ordinary fan (q v ), u^cd for purposes of ventila- 
tion 

Ventilator — The term ventilator is applied to the rcNolvuig grids, nsuallv 
attached to the doors of Cormsh and Lancashire boilers, through 
which the ingress of uir to tho fuel is partially rcgulab'd 

Venting — The venting of a mould is tho pK*rcing or honeycombing 
of the sand of which it is composed, by a long rod of ^ in. oi | m wire, 
thrust in all directions to allow of tho free egress of gases generated 
by tho decomposition of its moisture, consiMjuent on tho heat impartc'd 
thereto by the mflowing of the molten metal 

Vent Pipes — Lcngtlis of common piping leading un at an angle from the 
coke bed (q v ) of a foundry mould, to brmg off the es<*upmg gases and 
(arry them outside the cages of tlio moulding box, where they aro 
ignited and bunit. 

Vent Bope, or Vent String —Common rope or string rammed up m certain 
cores and in certain sec tions of moulds in situations whoro it would Ix) 
difficult, or impossible to ram up ilie usual vent wires, by reason of the 
emuous character of the vents. After the ramming is complete the rope 
or string is withdrawn, leaving tlio vent or vents curved as required 

Vent Wire — A rod of iron wire used for piercmp;^ a foundry mould with 
small holes for the escape of the gas generated m casting Vent wire* 
and rods 'will range from J in to J in dmmeter 

Vermilion — A bright rich rod colour, being a sulphide of mercury, Hg 8. 
Useful for mixing with shellac varnish to impart a hard and glossy skin 
to tho best foundry patterns 

Versin — The versed sme of an angle 

Vertieal — Plumb, or perpendicular to the centre of the earth A vertical 
must be pcrpendiciilar, but a perpcncbc iilar (c^ v ) is not necessarUy 
vertical 

Vertieal Boiler.— A steam boiler whoso horizontal section is circular 
Boilers of thi%type are used only for small engines, and are more waste- 
ful than those of horizontal type, the products of combustion passing 
at once into tlio chimney Economy in vertical boilcTs is obt^ed by 
the employment of Field’s tubes (q v ), but in general such boilers con- 
sist of shell and fire box only, conuec't^ by the uptake (q v ) leading to 
the chimney, and having m the larger forms one or two cross tubes 
(q V ) in tho fire box. 

Vertieal Crane. — A steam crane of the ordinary type w ith tail side framesi 
as distinguiahed from a horizontal crane (q v ). 

Vertieal Bhagine. — ^An engine whose axis is vertical, and which thcre- 
fbre forma a veiy nmneErotia type. The advantages of vertical engines 
foositt in the small foundation space which they occupy, and equality 
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of wear on tlie cylinder, piston, and rods. Very few Tertical ennnct 
are constructed with the cylinder lowermost, and those only of the 
smallest sizes. Most vertical engines have the cylinders above, em- 
bracing the various steam hammer types, launch and screw engines, or 
inverted cylinder engines 

Verticals. — The upnght members of a lattice girder. 

Vertical Section. — A section (q v ) taken m a vertical direction through a 
drawing of an o}))eet 

Vertical Shaping Machine —A slotting machine (q v.). 

Vibrating Links. — See Su‘<penmon Links 

Vibration. — ^Vibration in ( ngiii(‘ering works is a fruitful source of dcterlo- * 
ration of inahTial, and if long continued produces fatigue of matonals. 
Tlie vibration produced by licavy caulking, hammering, , on rivet 
heads and seanis is also liable to lead to fracture or st.'irtmg of jrnnta 
and consoc|ucnt leakage To prevent Mbration in machines doing 
heavy sawing, planing, drilling, shaping, slotting, &c , the mndiino 
bases are bolted down to largo hfoiic or concrete foundations Steam 
hammers are not only thus bolted down, but their .anvils abo arc cm^ 
liodded on massive anvil blocks The framings of heavy machines are 
iniulo hollow th(' ladter to withstand vibration stresses , tics, stiuts, and 
distance pKves, , arc also intrmlnced into strmturcs for the piiiposo 
of imuiniiHiiig the stressi's due to vibration 

Vice.— A common workshop tool emplojtd foi holding or gripping work 
which rcspiires to Ihi held finn, but which is not sufTn lently In ivy in 
itM4‘lf to remain immovuhle inidei the opcntion of the tinds It (on- 
sista of a pair of stei'l-faccnl jaw's, one ot wlndi is moved by a strew or 
by a lover, the other jaw' In'ing iigid In the fonner rase the frution 
of tlio screw' prevtmts the releaHC of the jaws In the litter the t<H*th 
of a ratehi't tultil the same function Vices art' m ide in great variety 
of foniiH and si/es, the l>ost lieing those with pir.illd movement in the 
jaws Mat hine vices an* ernplojed for bolting to the tables of planing, 
shaping, and drilling machines 

Vice Bench ~ A small iron ^x>rtal»lo In'iidi usually moimted on a tnpod 
and matle to curry tlio tirdinary tail vice. 

Vice Gheeke. — Vice jaws (q v ). 

Vice Chuck A mat Inno vice (q v ). 

Vice Clampi - See Vice Claws 

Vice Clawi, or Vice Clampi - Angle strips of lead, brass, or copper, used 
ftir insi'itum mt*) vice jaws to prevent the bruising t>f delicate pieces of 
W'ork by the st'iratioiis of tlic haixl ste< 1 faces Tliev are usually mado 
tt) cover the Si^rratevl ^aws and to lamd over tlic upper faces as well, 
For sjxvial purposes vice daw's are made m one piece, tho two chivk* 
being unit-etl at some distance below tlio jaw s either by a spring joint 
or by hingt^s 

Vice JaWi — Vice jaws are steel-fa(ed, the f.ices Wmg strewxd to the 
WTought-iron liacking, being fii'st m row cd and serrated w hde untempered, 
and Bubsequontly removed foi hardening, and then replaced In the 
smaller vaoes the steel jaws arc instead welded to the iron Most jaw's 
are thus fixed, but not invanablj See Taper Vice 

Virtual Velocity — Tlie law of v u tual v elix-ities is simply tho expression of 
A fuiidamental principle of mochaim s, that, n imciv, that whatever is 
gameti in pow cr is lo'-t in time, with it» converse axiom ; orth.it the 
power muitiplioil by the spmi? through wrbich it moves is c*quul to tho 
wttight mulLipUed by the space Utrough which it moves. It is simply 
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saying in other words that by no mochanical combiiiatiou can we oroato 
force, but only change its mode of application. See Conservauon of 
Energy. 

Vijooiity — See Body, Thick Oil. 

Visible Drop LnbricatoC — A sicrht foinl lubricator (q v ). 

Vis Inertia. — The property of inactivity inhertuit in matter, by virtue of 
which it resists external influences ttuidnig to make it change its state 
of rest or of motion Its equivalent is tlioreforo the force rt'quired to 
put bodies which arc in a state of rest into motion, or to acoelerato the 
speed of bodies already in motion 
• Vis Viva — See Energy. 

Voltaic Action.— See Galvamo Action 

Volume — A term of genenil application, signifying the ouhical contents 
of an engine cylinder, a detinito amount of steam, or of gas at a deflnito 
pressure, or a mass of liquid. The prodind of the scM'tionnl ariMi of a 
pist/m and the length of its path is n^nneil its volume This also is 
wiui valent to tlio quantity of watcT lifted by a pump. In the (uiso of a 
steam engine the volume mulfiplu'd hr ihemeau pressure is eiiuivulent 
to the gross amount of work perfomn d 

Volume, Lines of —Tlio hon/ontal or approximately horuontal lines in 
an indicator diagram of work 

Volute Spring — A flat ribbon liki' spimg nub d m tbo form of a helix, 
and <*xtenHible in the direidion of the bii.idth of tlio iibbon Used as a 
butter spring, and also for driving spruigs (q v ). 

Vortex Turbine —See Turbine 

Voussoirs — The wedgo-sluqKd stones of v^hieb an aicli is composed 

Vulcanite. — A oomi>ound of india-rubber and sulphur. Used for draughts- 
men’s set «iiiares. 

Vulcanised Bubber.^Seo India-rubber. 


w. 

Wabblers. — Tlie coupling-boxes ufwsi for connecting the breaking pieces 
(q v' ) with the luvks of the rolls in puddling rolls. 

Wabble Saw — A drunken saw (q v ). 

Wabbling Disc.— A swash plate (q v.). 

Wafters — 'I'ho revolving disc's or fans in a Hoot’s blower. See Rotary 
blower 

Wagon Boiler — An old-fashiomHl, c^xb'nially finsl fonn of lioiler, now 
rapidly going out (d use It has a Heiiii-cireular, or overarching top, 
slightly holh>wc^ sides, and flat or archiHl l>ottom, the flues taking 
the form of a wheel draught ((pv ) Its shape n mlrrs it difficult of stay- 
ing, and though adaptui to the low ]»r<iHsun*s of ff»rty or fifty years 

• ago, it IS wholly unhuitable for the high pressures now commonly em- 
ployes! 

Wall Bearing ~A Wall Box (q v ) 

Wall Box, or Wall Bearing. — A cast-iron op<m fnime, c^)mmonly rectan- 
gular m form, used m casf's wher«i shafting is carried througn a wall, 
the bearing or glummer block for the shafting being lx>lted within the 
wall box The box is built into the masonry of the wall 

Wall Bracket. — A bracket of approximately triangular outline bolted to a 
wall to cany a pluxnmer block for shafting. 



402 


DICTIONARY OR TERMS USED IN 


Wall Brill. — A drilling machine bolted to the wall of a workshop. It 
may be cither fixed or radial, accordmg to convenience, and the parti* 
cnlar class of work which it is designed to perform. The advantage 
of wall drills is that they leave a clear floor space undOTieath for the 
mampulation of heavy work The wall is sometimes arched ont 
underneath the drill to afford still more room for the haulmg and turn- 
ing about of bulky work 

VinXl Engine — A type of small vertical steam engme, whose bed plate is 
bolted to a wall. Such engmes are convenient for driving sectional 
lines of shafting, as one set of shafting can then bo stopp^ without 
affecting that in another shop, or in another part of the same shop. « 
They are also used for diiving travelling cranes, foundry fans, &c. 
The cylinders are lowermost and the crank shaft above. 

Wallow Wheel — A Ik vel whu 1 fixe d ujx>n a vertical shaft, and having 
the teeth lacing downwards^ or the reverse of a crown wheel. It is 
employed in mill w^ork 

Wall Plate — (1) A flat cast-iron plate or angle bracket, Ixdted to a waU 
as a base for the attachim*nt of vaU brackets, bearings, &c., for the 
carrying of shafting, or other portions of machinery Its function is 
therefore thutfif a base or foundation plate (2) llie plate upon which 
the ends of roof tnis^es abut, in ouhr to distribute the strain due to 
their w’l ight o\tr a suflieieutl> large aua 

Wall Pump™ Somotmu's applu'd to a donkey pump >\hen bolted to a 
wall 

WaU Washer - A largi' flat wasluT against which the ties of buildings 
are Hci('W('d Or a similar bioad vash«T vbub reci ues the pressure of 
a bolt bead or Indt beads umsI t(>r fastening biaikets or plates to that 
foee of the vail vhuh is ou the side opjK>sitt' to that wlueh takes the 
wall washers 

Walrus Hide.-' AVnli us huh is used ns acmenng for huffs (t| v ) 

Waney Boards - Tlie oubi lioanls of h»gs vhose ulgts are (hamfered 
off, and irregulai 

Waney Log —A sipiured It*g or halk of timlsT whose anirhs ha\e IsK^n 
a<l7ed off Waiu'V log is then foie more wasteful m the Mwing up 
than squared logs, hut is eheapn in lust o<»st 

Warehouse Crane A light slightl} -nuuh' crane, nsetl only for hftiug 
xveights ranging iisuallv hetwmi 10 ewt and 40 ewt in warehouses, 
and commonly worked hy hand also Whip Ciane, Platfonu 

Ciane 

Warp — To pull a load along b\ tlu winding of a rope or chain upon a 
drum StH' also AVaiping i\»ne 

Warping — (1) 7be alteration iii form, of timlK'r planks, and boards, duo 
to the UTu^ual swelling or shrinking of the fibres; by reason of the 
action of drj'nesa or of moisture therein, t2) The act of wnrpmg a 
rojie or chain by means of a w^‘lr|>lng ixme (q v ) 

Warping Cone. — A (•onical or capstan -sba|H'd drum, used to receive thcb 
ooil of tho rope or chain when lo.ui8 .are licing warped along (seo 
Warp) Sometimes ealled a surging dium Also frcHjuontly termed 
a capstan, because its outline ls that of a capstan ; sometimes, also, 
wnrpmg ends, when nttaehoil to the ends of horizontal shafts, as in 
steam winches. ^ 

Warping Endi.— See Warping Ckme 

Warren Girder — A lattice gmler (q t ) in which the struts (q.v ) and 
ties (q T ) form triangles or tnang^ular bays, the struts leaning inwards 
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or towards the centre of the girder, and the ties leaning outwards. 
Warren gprders are largely employed for bridges A warren girder 
consists of a single system of triangles, while lattice girders contain 
two or more sj stems of triangnlation 
Wash Brush — A draughtsman’s colour brush (q v ) used for cleaning 
palettes and colour utensih 

Washer — A thm nng of metal encircling the screw od end of a bolt, and 
receiving the thrust of the nut These are of most \alue when used 
against rough surfaces, as atfording a comparatively true face for the 
distribution of tlie pressure. Wall washers and otlier cast-iron and 
wrought-iron washers of large sizes are often made rectangular in outline. 
Washing Out — The cleansing of a steam boiler, etfiMdisl bydiivmgout 
the muddy dojxvsit or sludge before a jet of water scut through a hoso 
pipe. See als^i Flushing Charge 

Wash-out Plug — A plug screwe<i either int4> the Ixittom ]datcs of boilers 
or on the outside of a nozzlo uttachotl tlu'reUi, for tlie purpose of 
closing the opening used for w ashuig out ((] v ) 

Waste, or Cotton Waste — The rofusa of cotton mills, which btang soft 
and of close fibre, is used by engineers and maobinists to cleanse ^licir 
working parts of accumulated ou and dirt, snd to w.^e off superfluous 
oil and grease from the snrfact‘8 of work m pn * css of shaping and 
fitting Sponge cloths (cj v ) aronipullv Hni>er8L‘ding cotton waste 
Waste Bloclu — Flaster moulds fn>m winch reversed moulds (q v ) are 
made, the waste blocks being rammed dms'tly on the patteni After 
the reversed moulds are obtained the waste bloi'ks arc no longer of 
service 

Waste Heat — ScHi Close-toppcl rumace, Hut Blast, Ib g* nciative Fui- 
nace, &c 

Waste Pipe — Tlio pipe used to convey waste steam away from a bon- 
neted safety-valve Also a blow-off pij>e Similarly any jape used for 
com eying away waste steam or water 
Waster — (1) Waster castings an » those whnh, owing Ui some dt'ftx't or 
defex'ts, are discarded us useless, and uiu broken up for the scraji heuj) 
AN asters are due to scweral tauses, as b^ow-holes, Heul)s, cold shuts 
(see Cold Short), insufficient metal, a vtry rough e\t« ru.r, Haws arising 
irom bad proportioning or improper icK>liiig, and soim tunes from mis- 
tokes in c^inng and stopping oft (2) Stixd and iron plates which 
show blow -holes and other detoets on rolling are also termed wasters 
Waster Casting —SeeWa^tcir 
Waste-water Cock —See Pet Cock. 

Waste-water Pipe — A dram pipe (q v.) or waste pijie (q v ) 

Water — S^bol, H; O. Is a componud of the two gases, hjdrogen and 
oxygen, in the al>ov'e proportions, andean bo analysed into those clemcnta. 
It may be buildup i>y exploding a mixture of the gases Ite value 
aa a motive agent is due to the pressure derived from head (q.v.), and 
to ita capacity of vaponcation (see Steam) It is the best solvent 
' Imown, BO that it is impossible to obtain water m a o«>ndition of puntv 
in a natural state ; hence the incmsiation (q v.) of steam-boilers. This 
is especially the case with Bea water (q v.) which requires for this 
reason to be maintained at a certain standard of saltneiui by frequent 
blowing-off. See Two Salt Waters. The weight of distdl^ water Is 
used as a standard by which to measure the specific mvity (q.v.) of 
bodies Of the teoiperatures of water there are four Wing constantly 
employe 1 ^t.'indards for reference : 32® F. or O'" C , the freeanng-point; 
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39*1° F. or 4° 0., the point of maximum density; 62° F.or 16*66° 0., the 
standard of temperature as used for determining the specific gravify of 
bodies ; 212° F. or 100° C., the boiling point at the pressure of the 
atmosphere. 

Water Bath — A bath of clear water used in the development of photo- 
types (q V ), its function being to check the action of the prussiate 
solution, which, but for this precaution, would cause the lines to break 
and diffuse over the paper. There are usually two baths used, one 
before, and the other after the acid bath, to remove all traces of the 
chemicals. The water bath is lined with tm 
Water Both — (1 )The tank which supplies the tuyere(q v.)of a smith’s shop 
with water (2) A tank m a foundry which supplies the water neces- 
sary for core making and tin* watering of grt'tai sand moulds 
Water Bridge — A form of bridge uwd for steam boilers wdiich is made 
continuous with the Ixuler itself It is of iron, and is hollow, thereby 
assisting tlie circulation of the water which traverses through the 
inten<»r 

Water Brushei.— Soft brushes of bristles emplo\(Hiin foundnes for the 
purjvoso of witting or moistening tho surfai'c sand of moulds to make 
it colu re eonsistently Hie w'atxT is sjairted over in a fine spray, or 
lightly wipisl around the edges, ac<*(mling to eireumstances 
Water Can ~ Ordinary gardeners’ watir tans are us<sl by niouldiTS for 
damping and remixing the sand cm the foundrj' lloor afbr the cast- 
ings made ov(r-night liave Insn tiinusl out 
Water Chamber — A ehamln'r, usually annular in form, cnein ling tho 
cylinders of gas engines and air ixmipreHsors to prevent the heating 
duo to th(» products (»f combustion m the first ]dace, and to tlio eom- 
preasion of tlu’ air in tlio second 

Water Cock — The low'crof the two try ecxjks (q v ) of a steam boiler So 
calhd lKH aus<* water should alwajs issue fnmi it when opened, never 
sb^am, hiiK'e that would uiiply that the water had fallen to a dangi^roui 
level 

Water Column — A column up winch Uie supply water for a water crane 
(tj V J pusses It IS of cast-iron and encloses within lU body the actual 
supply pUH's 

Water Core —In some large cylintlrical works of ronsidprahle thickness, 
, the central portions remain hot so long after tlie outer portions have 
ccHdp<l, that injurious internal stresst's art* set up between tlie outer 
and inner layers of metal, duo to the unetjual ctsding. Tins is pre- 
vonttMl, and tlio cmdiiig and oontrot'Uon rtndcnd approx imattdy nnl- 
fonn by tlio carrying of a current of cold water through the interior, 
by which tlio centnd jKuiions are etH)h*d at about tho samo rate as 
thi' cxtx'nor. This is called a v ah r cort*. 

Water Crane — A ctmtnvanco for supphmg watx*r to tho tanks of looo- 
inotivos at tho stations along tlioir ImcH, though not pmpt^rlv sjveakinga 
crano at all, the b'mi In'ing prolsibly dcnvt>d from the apjH>arance of the 
swmging supply ann In one fonii the tuniing i\)und of the swung 
arm to which Uie host* is attached ojicns a valve, and the water prcKsuro 
in tho reservoir foix'cs up the liquid through tho supporting column 
along the arm mto the t4*ndcr In another fonn the lifting of a sluiee is 
necessary to dehvt'r the water supplv, the water stiU fiowuig nndcr 
constant head In a third typo a tank is camod on the water ooltunn 
and is mamtainod oonstanUy full, being fitted with inlet valve and 
overflow pipe, and the raising of a lift vidve by moans of a chain is all 
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that ia neoesaary to allow of the descent of water from the tank hy 
gravity. 

Water Cylinder --Sometiines applied to the pump barrel of a steam pump 
to distinguish it from the steam or engine eyhnder. 

Water Engine — See Water Pressure Hlnginos 

Water Float —See Float. 

Water Oaage — A gauge affixed to a steam boiler for the purpose of 
registering the height of the water contained within It cuivsistH usually 
of a stout glass tube fixed in brass soatmgs, whoso lowest end is at the 
lowest level at which tlie water should bo allowid to sink, and fumishud 
with steam and water cf>eks Sometimes, however, it eonsists of a float 
and wire, with a chain and register poinUT athn-lied See ^oat 
Gauge. 

Water Hardening. — Tlie hardening of steel, etftvtfxl in nater, ns opposed 
to oil hartiening (q v ) In water hanlening tlie stial becomt's more 
bnttle and acqums a birder texture than \^hen oil uwhI Some- 
times the water is medn^kd with #-nlt or other su* staiKU's, but pure 
'll ell or spring water appears to be in most fa\our. 

Watering — Alludes to the jiractico of damping foundn’ sand to make it 
cohere propcrl} Aftf i c istings have Ikh'h tunuxl out of the sand in 
the morning, a teit.un umoimt of water is spnukliMi fiver it from the 
ro'^e of a water e.in, oi from buckets, thfj sand meanwhilf* Ixung turned 
o^e^wIth shoieN. Tho amount of water shfiuld l )0 only suflUaent to 
render the sand pei'ceptibly damp, without being muddv or sticky. 
Watering is also reunited to ju^t pievioudy k> the withdrawal of a 
pattern, the edges of the sand around the margin of tla^ piitkTii Isang 
darn[Kd with a oi water biu^h ((j \ ) tf) cauHo HuflicK'nt eoluTenco 
of tho sand to pie\eiit pulling up Ilniki'n e<lgf‘s of sand uro also 
watered in the act of mending up and for the Hiiim’ nsisori 

Water Jacketing -Tho ta'^ing of the eybnder of a gas (ugmo with u 
waUr kei. See Water Chamber 

Water Keter — A inotei used for rt'cording tho amount of food wator 
W'hich pauses into a ste.im lioiler in any given time There are many 
forms of wak r mekrs m uw 

Water Packing — Tho pistons of some air pumps an' made for wah r 
packing; tbat is, the piskm, which is solid and d<*ep, is furnished with 
circularly turned grex'ves around its em uinf»*reneo, whmh rekiin a flbn 
of water of sufficient thickness k> nnidcr the pisbm watertight. 

Water Pot. — A small cast-inm pit use<l in foundrn^s for holding wakr, 
for dipping tho water brush or swnih into Calkd alsf) a swab pit. 

Water-preat are Engine! TluNi ineludo gem rally b}draulu rams, tur- 
bmes, and otlicr mokirs driven by wab r pressure, but n f<r Kp.s ifiiully 
to certain typ*Pof engines having < ylindc rs and piskins, < ith» r rts'ipro- 
cating or rotary, wh«>se eonstmt tioii is tho same in prim iple, though 
diffenng m detail, as that of 8k*am engines, Uie pressure duo to a head 
of water being einphwod instead of skvirn. 

Waterproof Cement —Iron Cement (q v ). 

Waterproof Glue, — Sec Glue Cement 

Water Bam. — See Hydraulic Ram 

Water Tank. — See Tank, Tank Plates, Iron Cement. 

Water-tank PHi Plate —A form of engine Iwd plato wliich is oorod out 
to serve aa a tank for the feed w'akr of the boiler. 

Water-tube Boiler —A sectional boiler (q.v.). 

Water Tnbea.— See Qalloway Tabea. 
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VftkUt Tuyere.— See Tuyere. 

Water Wheel — A wheel whose axis is horizontal, and whose rim is 
furnished with buckets or floats, against ..hich the water acts either 
by impulse, or gravity, or reaction. See Breast, Overshot, and Under- 
shot Wheels, and Turbine 

Water Way — Tlie full space open for the passai^ of fluid in the buckets 
of pumps, the plugs of cocks, and the area of lift of valves 

Wave Wheel.— A wheel for the reception of a rope, the bite of which is 
ensured by a wavy contour being given to the run, the groove waving 
from Bide to side around the circumference 

Wax — This is used as a material for modcUmg patterns of ornamental 
work. 

Way Shaft — A weigh shaft (q.v ) 

Wear — A ttnn applied to the slow abrasion of surfaces in frictional 
contact, as the slides of machine parts, the pistons and valves of 
©ngmes, the journals of shafts, le\er pins, &c Provision is made in 
many instances by means of adjustable pieces for tbe taking up of the 
wear, as it is called See Taking-up 

Wear and Tear - Sec Deprceiation. 

Weathering. — (1) Those iron ores which (ontain p}Tit<;s in considerable 
quantity, and whi< h are not of a cal< areous quality, are idten weathered 
by exposure tx) the atmosphere prcMous to ealcmution, th(‘ sulphur pre- 
eent being slowly oxidised, ami rendered soluble, and washtd uw'ay bv 
nun (2) Foundry clay is weathered by being cut up and exposed to 
the frost, wlit< h fu ilitat.<‘s the subseiiuent work of grinding and mixing 

W«b ' The platid or cential jMirtiun of a structure jih distinguished from 
its flanges and Ininhi's Tims a crank web is the plate whu h tames the 
shaft and pin ho.vst's , a girder W'eb is the main virtual plate which 
iMX’omes the connettion between Uic top anti !s)th>ni flanges St*e Ijat- 
tico Web 

Web Stiffeneri Webs of X nvebd h) flu' sides of det'p-jilated 
girders, and contuuuMl the inner fates of the top and bottom flanges 
to preserve them from w'nnkluig stresses 

W«d^.— A triangular prism resolvable intt> two mdiiud planes set ba k 
to back, in whuli the mochanuTal gain is gTt>aU'r the more acute tlie 
angle of the sides Tlie jiow'er of a wcdgti may bt» obtained in a 
graphic manner The theoretical rule is that the pressure applied at 
the bark of the wtdge is to the resistance, as half the width of tne bat'k 
of the wedgo is to the length of the side But the elements necessary 
to the calculation are so variable that it is best not to rely much on the 
theoretical statement. 

Wedge Gearing — Wheels whose peripheries are grooved circumferen- 
tially , Uio sides of the gnsives l>eing sloptd or auguyar in section • the 
projecting rings in the one wIkh'I enter into the grtwves on the other 
and drive by frution only Those are therefore a type of friction 
gearing (q v ), 

WeighbridM —This IS csM'iitially a table tamtd by a of Iciers 

comprised in a small com^iass, the lengtlis of w'hose arms arc so pro- 
portioned that a weight of a few ounces or pounds hung upon a steel- 
yard at one end will oounterbalanoe a weight of several hunoredweights 
or tons on the weighbridge table at the other end of thd system. 

Weighing Machines — Light uistrumonts made on the pnneiple of the 
weighbridge (^.) for taking weights of a ton and under. 

W^h Shaftv ^ way Shalt. — ^Ihe s&^ or spindle which ft^msthe oentTf 
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or movon of tho lever employed for throwings the slot Uulcs (q.v ) for the 
reversiug’ motion of an engine into the pioptT prvsitions for forvianl or 
backward gear Sometimes called a reversing shaft 
Weight. — The tendency of a Ixxiy to move do\^nward towards the surfuco 
of the earth, under the action of gravity Simj Mass Tho unit of 
weight employed by the engineer is tho pound, cwt , or ton, depen- 
dent upon tho precise woik whose amount it is desind to estimate. 
The question of weight is of fundaiiuntal commercial imix>rtance 
Castings m vanoiis metals are sold by 'iveight at so miu h per lb , cwt 
or ton Rolled iron of various sectious 1*5 hold by cvoight, and is quotcHi 
at so much weight pci foot Jiojx s and chains aie quoted at a certain 
weight per fathom Sht'ct met ils aic dl^tlnglllshtd as of certain 
weights per foot , tht' wt i^dit of tubing is also thus quoted lu many 
oases, especially m plates, a slight perieiitagt' ot margin is allowed 
either w ay 

Weight Case - Tho casing which surrounds tlie at( mmilator (q v ) of a 
hyilraulic crane, and wdinh is hmded with htoiic** or non to tlic pressure 
nocossary for tho etfioti\o woikiiig of the ( lane 
Weight, Diatribnted — llic w'eight of a locomotive is ho distributed that 
tho load upon loading, dniing, and tiaibn^ wheils •■Juill b<‘ as nearly 
as possible alike Sec also I)istiibute<l Loud 
Weighted Pendnlum Governor A governor (q \ ) wbo»o balls arc 
attached by links to tlio cential axis hIkivc, and to a <'ollar lu'low, tbe 
latter being uttaoh(‘d to a bea\y weight trio to slide on the central 
spindle For any giNcn nso ui the beiglitof the balls that of tho weight 
IS doubled 

Weighting Down 'Hie bolding dowui of the top pait of a moulding box 
during casting by meausof huiidredweiglds, or half U>n wiaghts Pins 
and eottai.s or wn w bolts atford bt tter ws’unty than w» ights 
Weights - Weights arc UH<-d for iiianv purjKmj h in eiigim eis* w«>rkHliops 
Ft»r scales, weighbndgi s, foundry and as ti sls in th(‘ proving of 

strueturis Tiny vary from small weighbralgo wt ights to those of 
Haifa ton or a ton each 

Weir — Tho dam or barrier by whi<h tho waters of a stream are bayed 
back in order to afford sufficient In ad of water for dnviiig a water 
wheel or turbine 

Weld — A weldtsi joint (q v ) as a gmHl weld, u bad widd 
Welded Joint — A joint made betw'cen fmrxxnng fiuios in wrought ir-m 
and steel work by welding (q v ) Wehksl joints are butt, Ian, scarf, 
and vee, noted under those headings. They are employed both by 
smiths and boiler -makers 

Welded Tube — Wr« night- iron tulai which is made by brang brought to 
a ( ircular fon# or skt Ip, raise d to a welding heat, and drawn through a 
pair of jaws, by whuh the warn is <lomsi up 
Welding — The coiimioii mode of union <tf wrought iron and steed, by 
which close and peniiaiient contact is made Iw tween tho joint facee, so 
that tho umon is homogeneous throughout The joints to bo so united 
are cleaned from scale and sprinkled with a flux, usually sand or borax, 
to disscdve off or to prevent the formation of oxide, bnmght to a welding 
licat and hammered togf ther The process is commonly called shotting, 
or shuttingwip, in the shops 

Welding Heat. — The degree of heat when in srn itli’s work the iron or 
steel giree out nvid sparks, and small globules melt off It oorreeponda 

rougWy with a temperatoTe of from 2,600^ P. to2,70(PF. for wrought 
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iron, 13 X 11 less for steel, wldch requires especial care as regards the 
tetaperatnre, cast steel being difficult of welding, and scarcely bearing 
more than a cherry red. Shear steel will weld easily, and endure a 
white heat safely, so that in welding the judgment and experience of the 
smith is of first importance. 

WeldlesB Tube. — See Solid Drawn Tubes. 

Well Crane — A fixed post crane, one-half of whose post is above ground 
and the other sunk m a pit, or well, dug to receive it, and encash with 
masonry, or with iron plates. The lower end of the post rests on a 
stop at the bottom of the well, and the fulcrum of the post is at the 
ground hno 

Well Plate — A east- iron plate put over the mouth of a well to carry the 
pumps, &c See Well Stage 

Well Pump. — An ordinary lift pump of two or three throw tyjie, affixed 
to staging at tlio rocpiired df^pth, and worked from the well stagmg by 
liaud or (;attlo gear, or by power, the cianks being connected to the 
pump piston by a sufiicnent length of jointod rods to estabhsh comrnuni- 
(.ation between the crank and piston Also called deep well pump. 
Well Stage — A framing of timber erected over the mouth of a well to carry 
the pumps and pipe connections 
Welt — The covi'ring strip uwhI in butt riveting (q v ). 

Weitlnghouse Brake — An air brake used on railway rolling stock. Air 
IS eoinpressed by a sb'am pumpphutnl underne.itli the engine, and is 
ndaitied in a reserioir ready f<»r use A exlmder and piston under each 
( aniagi' communu ah H w'lth the rtserioir by ini'ans of lioso pipes and 
eounlings. Tlio eoinmunieatum lH*iw(M'ii the piston rods and brakes is 
inaiie through the intervention of levers. 

Wet Blackmg - -lihu'k wash (q v ) 

Wet Bottom — A puddling funiaee is said to liave a wet l>ottom wlien the 
slag IS allowc'd to accumulate instead of bung drawn olf at fieipieut 
int<’»rvals 

Wet Brush — See WaU^r Bruhbos 
Wet Puddling — Pig lK)iling ((|.\ ), 

Wet Steam ~ Steam, Uio amount of wdiose moisture has l)cen inereasc'd 
by meehanieallv admixed siuiiy thrown off by tlio priming (q v.) of the 
water in the Inuler 

Wet Uptake --"Wlpm the uptake of a marine boiler is placed within the 
shell, and is tln'reforo surrounded by wab’r and stcjim, it is termed a 
wet uptake, to distinguish it from a dry uptake (q v ). 

Wet Wood —Timlier wuK'h has not been seasomni x»roperly, and which 
therefore retains the sap m tho vtssels Timber which has been 
seasoned may iHcoino wet by long t'xposure t4) the weatbir This 
moisture soon dries, how e\tr, under to\er, and is not so detrimental 
ua tho sap w t't 

WhJde Oil — Sometinu's, though improptilv, termed a fit^li oil There 
are two kinds of whale oil knowm, as trviin oil, the produce of the 
blubber of the Kight whah*, and some other spts’ies, and sperm 
oil, whu'h IS taken from a rest'noir in the head of the sperm 
whale or Caeholot Tlio sjH'nn oil is the l>est machinery lubricant 
known, and 6,000 or 0,000 gallons of tho oil is taken from a smgle 
animal 

Wharf Crane — A crane spec lally adapted for use on wharves. It is a 
fixed well crane of tlio trian^lar fonn, consisting of pdlar or post, jib, 
^nd tiee, and usually workea b^ hand* 
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Wheel — A general term which denotes no wheel in particular, apart 
from its qualifying prefix, as sheave wheel, chain wheel, pulley wheel, 
toothed wheel, cog or mortice wheel, &o. 

Wheel and Axle, or Windlass — This owes its value to the principle of 
the lever, and has its application m trams of gearing, capatiins, A.c. 
Wheel Barrow — Wheel barrou s are used in foundry work for carrying 
sand, loam, light castmgs, and moulding boxes, and for yard work 
generally. Made in iron and wood, and with single and double wheels. 
Wheel Base. — The distance apart of tlie centres of tlie leading and trailing 
wheels of a locomotive, or of the front and hinder wheels of a railway 
wagon A rigid wheel base denotes the disbince iK'twecn ('cntres of 
those wheels which have rigid (i r not Inigie) bearings Total wheel 
base would include tho b<»gu wlm Is also. 

Wheel Bossing. — The welding on ot the Imiss pu'i'es of railway whetds 
under the steam hammer. 

Wheel Centro.' -The central portion of a solid plut<Ml truck or wagon 
wheel, which corresponds with the IhhIv of awheil ^.lth anns For 
trucks and trollies it is customarj to vse whorls liaxing plated centres 
for tho attachment of ek'd tyres m pndert nci' to using chilled caat-ifon 
wheels. The centres arc tume<l and sbouMeifsl, or st* >pcd on tho cir- 
ciimfercni'c, and the t}r('s arc Inired to correspond Jleatuig of tho 
tyros in a reverlx'nitory furnace expands tlu m siifh* n ntly to char tho 
snallow shoulder, and in cooling the^ shrink over and ombraio the 
shoulder and so remain fast ^m< times t\re Im>Hh are (‘mployed iii 
addition ki prcNcnt the possibility of the w’orking ltn>Mt> of tho tyri’S 
Wheel Cutting. — Tho cutting of tho teeth of gear wlui'ls by meaiiH of 
revoUmg milling or gear cutters, the wlu'cl blank being lield shady 
while each interspace is being ( ut, and mov(sl ai-ound an iin* of a < m le 
exactly ('quivalent to the ])ikh of the kM)tli for the mxt <‘ut Tlu' 
means of dniding out adopted are either a division ])lat(' (<i \ ) or a 
kuigeiit wluel and screw with diange wheels Tlu' pim fn e of wbcsd 
cutting has ratlier to do with tho making of modr Is and tlu* smalh-r 
pt)rtions of mat bines, paid win els ami siu h likt , than with general 
eiigineeniiir, ft^r wliuli (<«st k*eili are prift*rable. 

Wheel Draught.— In an exttinally Imd wagon l>oih'r (<i \ ) the gases 
pass undoi tho Istiler fiom fiont t/> hm k, ttu n upwanis into a tluo on 
the nght-hand side leading tow aids the fiont of the lK>ih r, tlu lu o round 
into a flue on the left-hand ude, and so to the back of the IkuUt ink 
the chimney. This, from its ciKuitous motutn, is caliwl a wheel 
draught to distinguish it fiom a split di aught (q \ }. 

Wheel Float — See Flo.it, Thtih-r Float 

Wheel Gearing, or Toothed Gearing -'Jins iru.ans that t\pt uf glaring 
which nets by^uans of k . th oi cogs, or iruHlifn utions of the Huine 
atUchcHl to the p-iipheius of nngs, us distinguishisl fnaii gfuriiig of 
other kinds. Hence it f mhr.icrs spur and Is \< I wluc Is, mortiee wheels, 
helical and worm, and iiikinal gears, each noted uiubr its spieml 

lieading . , , • 

Wheel Lathe — A lathe of special design, ha\ung a Ix-d sliort in propor- 
tion to its si/e, and used for tho turning of locomotive and otlier 
wheels A duplex-wheel latlic has two heads, so that a pair of whecLi 
can be tumc4 at one time upon their axles 
Wheel Moulding Maehinee — Miw hinc*s extcmsivcly used for the moula- 
ing of toothed whcela witliout the making of a comph Ui pattern The 
iwshinee, differing much in detail*, are in pnnciple dividing engmea. 
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a worm and endless screw and change wheels supplying the means of 
regulating the equal division into any required number of teeth Two 
teeth only are required for moulding from, and the space between 
those teeth alone imparts the cntlme to the sand When a smgle 
tooth space is rammed, the tooth block is lifted and moved round by 
the machme to a distance corresponding with the pitch The arm 
which cames the hjoth block usually revolves around a central pillar, 
and 18 adjustable for radius and also for depth Sometimes the mould- 
ing table revolves, and the arm can only move radially and vertically. 
The arms of the heels are made by means of cores There are alk> 
machines whiLh arc not furnished with the tangent wheel ; but a 
perforated drum or circular div'ision plate instead answers the same 
purpose. 

Wheel Plate — A quadrant jdute (q v ). 

Wheel Segment — 800 Toothed St'gment 

Wheel Slope — A draughtsman’s palette fq v ), circular m plan, and 
having several radi.il slopes falling mwards 

Wheel Stamping -The stamping out of the spokes of railuay wheels 
under the steam hammer previous to elding up 

Wheel Swarf - The siIkious and steely mud which collects in tho 
troughs of tho grindstones of the Sheffield ( utlcTS It is used to form 
a layer witlnu the mouths of the rniciblesor pots used m the production 
of crucible cast st^cd, whore it fuses and fonns an air -tight glaze to 
proievt 11 h' bars of blister st-eid w’ltliiii 

Wneel Teeth — "n»e tc-cth of goar w’hcel*^ aie formed on df finite principles 
of design, the forms df then < ur\es being <‘ither oyeloidal, or involute 
Tho e}< loidal rune IS that emjdojed for nearly' all whc'cls, the involute 
(cj V ) 1 m iiig reserved f<»r special work 'I’he cycloidal curves are 
ohtaiiKKl by im‘auH of the <Mlonb»graph (q v ) scabs c>r are formc'd for 
each Hciiarato pair or set of whc'cls by means of rolling eurves (q v ) 
Tho strength of whec'l teeth is ostiiimtc'd by considering each tooth 
as a (uintilover (q v ), or by dete rmining tho horse power to be trans- 
mitted 

Wheel Tooth-eleaning Machine — A revolving emery wheel, turned to 
the soetion of tlie intcrsjiac'es of cog-w'hoel t^th, and used for gnndmg 
out tho east teetli to a smcK)ih surface, Uie whc'cl bemg laid 
horizontally 

Wheel Valve —A lift glol>o valve of the ordinary type, in which the 
screw which lifts and depri'sses the valve is workoa by means of a 
hand wdieel above 

Whelps — Tho longitudinal strips arranged equidistantly around the 
baiirl of a capstan (q v ) or warping cone (q v ) on which tho rope 
coils, and by w nuh its bite is incrcNised « 

Whiffle Trees ~ AVlnppb' tn'is (q v ) 

Whin- A varictv of iiors<>t gear or Imlbsk gear (q v ) in which the rope 
is wound roun^ a luurel fasiemHl dinn tly to the vertical shaft which 
rarnes the cross- bar 

Whip Crane.— A slight crane used generally for warehouse purpoees. It 
has no gearing, but is worked bv a rope , hence its name The rope is 
affixed to a large drum or puflev at the top of tho crane, thence it 
passes down to a small barrel on the winch ehaft The winding up of 
the rope gtv't's motion to a small luirrel on the same axis as tho largo 
pulley, and the diiferenoe in the diameters of the harrda and pulley 
nfforas sufficient lorcfnge for lifting loads as high as 30 or 4v cwt. 
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Independent whip cranes arc those m which the top of the crane h.ia 
no point of fixture for slewing, the whole structure being siniply 
ported on a base sufficiently broad to afford the requisite stability 
^Vnip Gin. — See Gin Block 

Whipping Drum. — A term applied to the winding barrel of a deck 
winch (q V ) or a whip crane (q v ) 

Whipple Trees, or Whiffle Trees — Ihe loosely swivelling bais attached 
to the ends of the jxiles in horse and ( attic gear, to whu h the cattle are 
yoked. They arc either single, double, or ti-eble 
Whips — The long arms which carry the cross-pioci's and sails of a 
windmill 

Whistle — See Steam 'Wliistlc 
White Brass. — Ste -\ntifnctioii Metal 

White Heat — A degree of colour in smith’s work, at v\hi(h the scales on 
the surface arc scaiccly visible, and which mrrcsjKmds rt>ughly with a 
temperature of2,:iT0'’F It is the teinpcraluio at w hu h most largo 
forged work is taken from the fire 

White Iron — A highly crystalline form <,{ caht-iron It is extremely 
hard and brittle, and contains iieurlv all itstiktlnm in th<‘ (ombiiu'ii stab'. 
Hence called a carbide of iron White \nm aUo u sides when the sui > 
face of molten grey <*1* motthsl iron h <hille«l against a nietallie mouhl 
See also Forgo Pigs 

White Lead — (’arlnmato of had {q v.) X'sed when miv« d w itli boibnl oil 
and red lead for making steam joints 
White Line Phototype — See Phototyp’ 

White Metal —See Babbitt’s Meta) 'Iliese and similar rnixtnies are 
termed white metals 

Whitening — The facing usckI for brass foundi rs’ nionlds 
Whitening Bag — A linen bag win* h < ontains the whitening used in brass 
founders’ moulds, and from winch it isdnstid out. 

White Pine (Piuum ntiohm) — A duas of pine tirnbci iiiij»ortu<l from North 
America Sen? Ibne Wood 
White Hope — S^e Manilla Ropea 
White Spruce.— S<*<? Jhno WikhI 

White’f Tackle — A system of pulley bbs ks, so named aftr r the inventor, 
in which the diameters of theoulhyHaro regnlaUsl iw4 (»rding to the 
rate at whn h they travel, in ora< r to ensure umfoniiity of siK‘c*d and (*f 
wear 

Whitwell Stove — A regenerative stove uaed ff)r heating the blast for 
smelting purposes It is in pruiriplo like the DowqaT stove, but fire- 
brick partitions are employed therein iiisUml of choijin r work 
Whitworth Thread — Tlie standard engineiT’s Htrtw of angular 

section. The fltpth of the thn‘ad, that is to the apnu-s of the angles, is 
•90 of the pitch, and the slope of the angh-s is Oo ’ Tim working depUi of 
the thread is reduced by rounding off the pants and r<>ots to an extent 
of about Jth each, making the working depth of the* pibh. 

Wholea and Halvea — A drawuig w/mpaas, the hngths of whose legs are 
in the proportion of one to two, measured from a joint pin around which 
the legs p^y- They are naed for enlarging or reducing dimenaioQi on 
drawings in those prorortions. 

Whole Swndfiig Shroud. 

Gauge. — Broad Gauge. 

willow (Saltx) — A tree of the natural order Salxeaeta^, being th© order to 
which the poplar b^ongs. It ia a very soft, mooth-gromed, white or 
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ToUowlsh grey wood, easily worked, and is used by engineers for brake 
blocks. gr. *685. A cubic foot weighs 36 J lbs. 

Winoh. — A fixed crane (q v.) having no jib and no provision for slewing. 
It may have single, double, or treble gear, and be driven by hand or 
steam See Deck Winch, Steam Winch. 

Winoh Handle — The handle of a crane, crab, or other hoisting 
machine turned by hand power. It is a lever whose length is 
the moasuremont taken from the centre of the handle to the centre of 
the spindle. This lenj^h is usually 1 ft 4 in. 

Winch Shaft. — Tlio first ^aft in a tram of gearing, to which the winch 
handle is attached. 

Wind Bore. — Tlio strainer of a suction pipe. (Sec Strainer ) 

Wind Chest — See Air Belt 

Wind Engine — A windmill fq v ) 

Wind Gall — A defect in a balk of timlier caused by an old wound, sub- 
sequently covered over by a growth of wood It becomes a centre of 
decay 

Winding — 'I ho variations of a surface fiom a true plane, considered 
chiefly in relation, not so much to local inequalities of surface, as to 
the tx)bil HiiperfieieH Thus, if on one ( omcr of the plate the surfiiec were 
sloping 'iV below the genenil surface, the plate would be winding 

Winmng Drum. — The bun el or cylinder whub coils the wii*e roj>e for 
raising and lowering cages and trucks on inclines 

Winding Engine — The enirine wbub dines a winding drum {q v ) It 
dcM»8 not refer to any particulai type of engine, but simply to the purpose 
for whuii it 18 einplovcHl 

Winding Gear --A jmrtieular type of boistmg mm bine used for hauling 
wagons u]i inclines It consists of iMnding drum, oi clip pulley, and 
suitahle tootlu'd gearing, single or double pun base*, vith amingcmcnts 
for the npplu’atiou of sutHc leut brake |K>\\er, the whole l)eing driven by 
a stationary, a locomotive, or portable , or semi-fixcd portable engine. 

Winding Sticks -Winding stiips (q v ) 

Winding Strips, or Winding Sticks - Stiaigbt-edges of metal or of wood, 
made jicrfcs-tly parallel, and ecpi.il ni iMdtb, by means of which the 
inaocuniey of a supjvmtsi level smt.u <• is de fes ted Tin* strips are set 
by their lodges on those j>ortions of the plat^* vvhosc condition it is 
desired to tc'st, and the amount of their dnergeiice from parallelism is 
obsont^ hv the eye oast ac ross their top talges 

Windlass — Wh(M>l and Axle. 

Windlass Jack - A lifting jack provichxl w ith a double-endcsl Iovct and 
handles for working law el gear wheels, by which the nut is turned 
around the lifting m renv 

Wind Hill, or Wind Engine —Tliese are usevl to some^^xtent for driving 
pumps A windmill consists of its mam Mippvut, which carries the sail 
frame or whip shaft This shaft is inchmHl at an angle of nliout 
witli the hori/.on on lexel ground, and 15^ m mountainous distiats, it 
lieing found that Uie direction of the w ind is alw ays slightly downw ar. a. 
The whips or sail frann's c any' transverse or cross pieces, on which the 
actual sails are spread, the cross pieces being so hinged that their 
obliquity in relation to Uio dueotion of the wind is capable of vari- 
ation. • 

Wind Ties — Diagonal side ties of wrrought iron rod, on bridges and large 
block setting cranes, and other structures, for ste^ying stmetnrot 
to whioh they are attached against w'ind pressure. 
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Compatsei —A pair of compasses used in the workshops, in which 
an arc- shaped wing attached to one leg passes through a slot in the 
other leg, to which it is set or clamped in any position by a set screw, 
m^ng Nut — A form of nut which is tightontxl t>r relaxed by two thin flat 
wings or expansions coming out from opposite sides 
Wing Bail. — In permanent way, is a sliort rail liud down at a crossing 
near the point rail to guide the wheel fliuigo. It fulflls the same 
purpose as a check rail (q \ ) on a curve. 

Wing Tanks — The tanks of a side tank locomotive engine 
Wing Valve. — A valve whose hft is guidt*tl by throe or four wings, or 
feathers, or nbs, as they are >ari()UHly tcTiiUHl, oast uixm its under side 
and fitting mto its cylindncal seat, ealleil also Uft, and piip]X)t \ulvc. 
Such a valve may be placini m a \ertieal iiosition, as in a common safi^ly 
valve, or its axis may bo huri/ontal or otlierwisi*, if pressini against its 
seating by springs 

Wiper. — (1) S<'(' SjMmge Cloth {‘1) Tlie cnin twtli on the wheel of a 
lielvc or tilt hamiiu r are calloil wiptis or wipi's 
Wiper Shaft — The shaft or axle of a w’per wlieel v ). 

Wiper Wheel — llie wht'ol or disc to whieh tl**' w qxrs (q v ) or eam«» of 
liehe hammers and stamping inuehines an' iittui hod 
Wipes — The U'oth or projei tioiis on the (am ])lat(‘ of i lulve hammer 
Wire. — Iron, brass, and ('opper wire is iisiai for many purposes in tho 
factory, and in all departments, us tor dow'ols and skewers, for binding 
and fastening light cores, for making steam joints, for pins and small 
screws, for bra/iiig louits, for stniining liiu‘s, and many others 
Wire Brush. — A brush used for tho fettling off of (ustings It is in 
sliape like an ordinary hand brush, but tin i)luee of bristles is oocupifsl 
by thin elastic fibres of st<*el, by wdiicli the sand and dirt are readily 
scrajKxl off the surfu( t's of the ( ustings 
Wire Card — See Card Wire Used by moulders for rubbing or dressing 
dow^i cores 

Wire Drawing — (1) The process of manufucturo of wire by pulling it 
through draw plaWs (J) The tlirottliiig of Mt(*am in tin* ]>assagi>M an 
engine cyhnder, by whi< h some amount of expansive W(»rking is eftectod. 
This tlirottliiig taKOH place when the passages are so contraehxl Uiat 
the rate of trtt\el of tne onUTir-g sUiim falls lx hind that acquired by 
the piston towards termination of its stroke 
Wire ^ge. — Tlie turned over strip of nn^tal which results when a tool iS 
subject to abra8i> e tiori upon a gnndstom^, or hone This is removed 
by rubbmg both faces of the UhA alternately, thus tlirusting tho wire 
cxige from one side to tlie other, until it is readily detadu'd 
Wire Gauge — A notched plate having a senes of gauged slots, uuinlM'frrxl 
ac'cording to t4>e si/es of wire and tdiwt metal inanufaf.tured The 
Birmingham w'lro guugo is that in g« u«ral use 
Wire Game — I'me iron wire wovdi into gaim , having a firn* rnesh. It 
IS employed in making steam joints, the gauze lx ing( ut U> the si/o and 
shape of the flanges, and smeared with red or white lead previous to 
tho bolting together of the flanges 

Wire Naili. — Nails circular m secjiicm, parallel, and having tliiu circular 
heads Used in general pattern work. 

Wire Pliert. — Pliers (q v ) in which a pair of smooth jaws, circular in 
sectian and tapered longways, are substituted for tlie ordinary flat 
and roughened jaws, tneir purpoee being the bending of wire into 
email curves and loope. 
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Bope. — Rope formed by twisting several wires aniund a central 
beimp core, to form a strand, several such strands being then twisted 
around a central hemp core to form the i*ope. The diameter of a single 
wire varies from ^ to -jV of an inch, and the twisting of the wires to 
form the stiand is m the reverse direction to that of the strands which 
make up the rope Wire ropes are formed of both iron and steel. 
Their strength is very gieat, so that a small wire rope will do the work 
of a much larger hempen one 

Withe Handles. — ^The flexible elastic handles of smith’s tools. See Hazel 
Bods. 

Wood. — Wood is employed as a fuel, and in the preparation of charcoal 
It is not economical as a fuel in the green state, owung to the quant it v 
of moisture which it contains Wood is oompo'^ essentially or carbon 
and oxygen , hydrogen, nitrogen, and ash being present m small quan- 
titv. Woods are hard or soft, terms which are relative merely. The 
value of wood to the engineer consists m its adaptability m the form 
of timber boards, planlw, and logs for purposes of construction. 

Wood Ferrules. — Bings of wood used for making the ends of marine 
engine condenser tubes water-tight They fit closelv around the tube 
ends, and are driven tightly between them and the noles m the tube 
plates 

Wood, Preservation of — Vaiious methods have been employed for the 
preservation of timber from decay, the chief of which are creosoting, 
icyanizing, and the employment of Burnett’s and Margery’s fluids, 
describod under their several heads 

Wood Screw — A nglit-handed screw having a conical-shaped head pro- 
vided with a slot or nick, by which the screw is turned in through the 
medium of a scrow-dnvci Formerly called a screw-nail. 

Wood Spirit, — Methylated Spirit See Shellac Varnish. 

Wood Turning. — Wood tummg is an essential section of pattern work, 
and is not performed by professional turners, but by tlie pattern-maker 
liimstdf, who alone can know the conditions necessary to bo observed in 
order to proper delivery from the sand The work is seldom orna- 
mental, and much of it is done by scraping tools cliicfly. 

Woolf Engine — An early typo of compound engine in wlueli the cnmks 
were set opposite to each otner, instead of at right angles, as is now the 
common practice, so that when one piston was at the termination of its 
stroke the other was at its commencement 

Woollen Pad — See Worsted Pad 

Work — This is the result ot resistance overcome by the action of foix;e 
acting upon a body Sec Energy. 

Work, Biagram of — See Diagram of Work 

Working — The working of the frames of locomotives sHrnifios the loosen- 
ing ol their joints, due to the strains communicatofi to them by the 
engines. 

Worli^g Anvil Block. — A block of steel or enst iron fitting on the top of 
the anvil block (q v ) ot a steam liammei It is fitted to the latter 
with a dovetailed joint, to be readily removable, m the same manner 
as the hammer bh>ck (q v ) is attached to the tup (q v.) 

Worl^g Barrel. — A pump barrel proper, containing the piston and 
bored portion, and in some cases also the clack valvc^ Used to dis- 
tinpii^ it from the pump case (q v.). 

Worl^g Beam. — ^The beam of a Cornish or beam engine, having ilie 
piston rod at one end and the pump rod at the other. 
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Working Bed» — ^The lining of a puddling furnace, consisting of broken 
slags, tap cinder, hearth bottoms, and lettling. 

Worlang Cylinder. — ^The explodmg cyhnder in those gfas engines which 
are provided with a separate compressing cylinder (q v ). 

Working Depth. — In toothed gearing this is less than the total length of 
tooth from point to root by the amount of bottom clearance 

Working Door. — The opening through the side of a reverberatory furnace 
through which the charge is introduced to, and withdrawn from the 
hearth. The door shdea m veitical grooves, is protected with tire brick, 
and is balanced by a chain and counterweight 

Working Drawing — A plain, fully detailed drawing of an engine, 
machme, or structure, or more generally a poHion only of the same, 
and either dimensioned, or drawn to full size, or to a unifonn scale, and 
sent out into the workshops to be used in construction. 

Working Gear. — This is apphed specifically to the motion work of a loco- 
motive or engme, namely, the piston and connecting rods, eccentrics, 
and rods, links, slide valves and rods, as opposed to the fixed gear, or 
that which has no reciprocal movement 

Working Load. — The ordinary load to which a structure is subjected, not 
necessarily the maximum load, but the average or mean load, as dis- 
tmguished from tlie proof load (q v ) . 

Working Nuts . — Nuts which are perpetually being tightened and relaxed 
by means of spanners or screw keys, as distinguished from the nuts 
which remain permanently fast Working nuts are, or should be, 
always case-hardened (see Case Hardenmg) in order to prevent the 
weanng of their angles rounding 

Working Stress. — The safe stress which calculation and experience com- 
bmed allow that structures should be subject to It is less than the 
elastic strength (q v ) by the divisor selected as the factor of safety 
(q v ), which factor of safety is selected m accordance with the nature 
of the load imposed. 

Work, Unit of.— See Unit of Work. 

Worm — A form of helical gear consisting of a continuous screw thread 
wrapped around a cylinder It is used to impart a slow and equal 
motion to a wonn wheel (q v ) 

Worm Gearing — Gearing composed of worms and worm wheels It is 
employed where great power is .sought, but muc-h of its efficiency is lost 
in friction, so that it is often iieee‘*sary to luii tlie worm in oil 

Worm Wheel — Gears with a worm, and each tooth consists of a small 
segment of a helix The worm commonly drives the wheel In order 
that the wheel should drive the worm, the obliquity would have to be 
very CTeat. 

Wonted Pad, or Woollen Pad. — A pad of wool placed in tho lower por- 
tions of 00 no ifn^es of axle boxes, from which oil is led up by capillary 
attraction through tapes of cotton wool to the bearing It rests on a 
horsehair cushion saturated with oil. 

Wrench. — A siianner (q v ) one of whose j’aws is rendered adjustable by 
the agency of a screw, for nuts of narrow sizes. Sec Screw Wrench, 
The term is often apphed to any form of spanner. 

Wrinkling. — The failure of thin unstayed or improperly stayed wrought* 
iron plates, wrinkling up, or the booming corrugated under pressure. 

Wrinkling Strain. — The strain necessary to produce wTinklmg (q.v.) 

Wrist. — Smnettmes applied to a crank pm, or to any projecting p n wliidi 
receives a connecting rod. 
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Wrist Plate, or Motion Bise, or Booking Bise. — The plate attached to the 
Bide of the cylinder of a Corliss engine (q v ), through which motion w 
transmitted by connectmg rods to the valve spindle It is worked by 
levers 

Wrought Iron. — Iron which has had the major portion of its carbon, as 
'w cll as the foreign elements which would affect its workability, re- 
moved in the various processes of puddlmg, shmglmg, and rollmg Its 
value lies chiefly m its great tensile strength, averaging about twenty- 
three tons per square mch, m its capacity for weldmg, and its ready 
mall(*ability. Sec App 

Wrought-Iron Castings, or Mitis Castings,— Made by a recent process 
of melting and pouring wrought iron into moulds, by which the expense 
of forging is sa.vc'd The wi ought iron is melted in crucibles m a 
petroleum furnace, and poured into a mould contaming a patented 
mixture composed essentially of fire clay, burnt and ground, and mixed 
with molasses The metal is dead melted or superheated by the addition 
of about 0 1 percent of aluminium, by whudi its melting pomt is lowered, 
and the entranee of deleterious gases due to the superheating of the 
metal alone, is prevented It is thus rendered sufficiently fluid to take 
the finest impressions of the mould, while its quality as wrought iron 
remains unimpaired These eastings do not require to be annealed, 
and while cold can be bent and twisted like good malleable iron. 

Wrought-Iron Plates — ri.ites winch ha\o been rolled from iron pre- 
pared by puddling See Tioiler Plate, Ship PlaU's, Limit of Weight, &c. 

Wrought-Iron Pulleys. — These* are rapidly supers^ing the old cast-iron 
pulleys, from tlu'ir superior lightness and reliability. The rims are 
framed of wrought iron or steel, and the arms are ot the same material, 
each being made distinct from tlie other, and fastened together They 
are put together in halves, and are, therefore, spht pulleys (q.v ). 
There are numerous designs of these pulleys m the market They do 
not break, put less strain upon the shafts, are more easily fixed, and, 
though costing more in the flrst place, are cheaper in the end than 
those of cast iron. 


Y. 

Taoht Engine. — A light engine specially designed to drive the screw of 
a yacht Yacht engines are mostly of the inverted cy Under (q v.) and 
eompound engine (q v ) types. 

Yank — To pull, wieneh, or hammer with undue violence A slang 
tenn 

Yard Travellers — Ordinary overhead travellers, used for lifting heavy 
work alKUit an engineer's yard, botli for erecting and loadmg They 
are W'orked by hand or steam wuth ordinary gear, or v ith hempen 
ropes 

Yam — Fibres of prepared hemp twisted together into small oords in 
readiness for laying mto strands. 

Yellow. — See Gamboge. 

Yellow Bath, or Pruasiate Bath — A bath containing a saturated solu- 
tion of the yellow prussiate of potash K 2 Fe C« Ne, and which is used 
for developing the Imes of phototypes (q.v.) which are removed to the 
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bath from the printing frame (q v.). This bath is Imed with gutta- 
percha 

bellow Brass — A cheap kind of brass formed of an alloy of copper 70 
parts, zmc 30 parts, and used for the commoner class of turned and 
other work, and also for name-plates and similar castingfs when 
durability and strength is not essenUal, or when flexibility is desired. 

Yellow Metal — See Yellow Brass. 

Yellow Pine {Pinm vanabtlis or Fmus mtlu) — The wood of an American 
pine of the natural order Comferts. A light famtly yellow-coloured 
wood, open grained, not much given to warping, and pleasant and soft 
to work. It is employed chiefly in the matbg of patterns (q.v.). Sp. 
gr. 448. A cubic foot weighs 28 lbs 

Yield — The quantity of iron or steel produced by a blast furnace, a 
puddling, or similar furnace, in a given time. 

Y Lever — The longest lever of a weighbridge, to which the rod of the 
actual steelyard is attached. 


z. 

Zero. — (1) In mathematics, signifies 0, or nothing. (2J In thermometry, 
commonly denotes the temperature obtained by a mixture of salt and 
snow; or the zero of Fahrenheit’s scale, being 32°, corresponding with 
0° on the Centigrade scale. This is the zero point usea in practice ; 
but sometimes it is convenient to reckon from absolute zero (q v.) . 

Zigsag Biveting — Rows of rivets placed parallel longitudi^Uy, but 
alternately, or m zigzag form m the transverse direction. 

Zinc — Symbol, Zn Comb weight, 64*9. An easily oxidizable metal, 
used as an alloy for brass (q v ). The oxidization of zinc, when in 
the brass-meltmg furnace, is prevented by throwing borax, powdcned 
glass, or powdered charcoal over the si^ace. It is valuable also 
because of its being an element electro positive to iron. In this 
capacity it is employed to prevent the corrosion of steam boilers ; for if 
strips of zinc are suspended therein they are wasted away ; whilst the 
iron plates remain unaffected. 

Zinc Oxide, or Zinc White. — Used as the basis of a white paint. 

Zones —Zones signifies the vanous horizontal sections or areas of a blast- 
furnace, correspondmg with certam chemical reactions which take place 
between the hot gases and the metal; accompanying the formation of 
COa, and tlie reducing agent CO. 
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Aluminium (see Diet ) is now produced at a comparatively low cost, both 
in the pure state and alloyed with other metals It is not found pure 
m nature, but occurs as an oxide, and a double fluonde of aluminium 
and Sodium. The original processes were the Castnar and the Cowles. 
In the Castnar process three stages are requisite (1) the manufacture 
of sodium, (2) the manufacture of a double chloride of sodium and 
aluminium, (3) the reduction of aluminium In the Cowles process, the 
ores of alumimum were reduced by the electnc current, conveyed from 
a dynamo through copper bars to electrodes withm the furnaces The 
electrode consiats of a bundle of carbons, to which a cylindrical head of 
metal is cast (iron for ferro-alumimum, copper for aluminium bronze). 
The aluminium on being reduced, ascends with its alloying metal m the 
form of vapour, and on reaching the cooler parts of the furnace, becomes 
condensed and runs to the bottom Bauxite is the mineral from which 
aluminium is extracted. As mined at Antrim, it contains 66 per cent 
of alumina, correspondmg with 29 9 cent, of aluminium. It is 
ground, calcined, heated with caustic soda, filtered, decomposed, 
washed, dried, calcined, and sent to Foyers to he reduced by electricity 
generated at the Falls by the Heroult process, and the metal is run out 
of the electrolytic batlis into ingot moulds For rolling tubes and rods 
the metal is refined by remeltmg, until it has a purity of 99*6 per cent. 
Alumimum is melted in crucibles without a flux at a temperature only 
a littie more than its meltmg point, which is 1210° Fah. targe quanti- 
ties are melted in a reverberatory furnace Its shrinkage is greater 
than that of ^n metal, and large risers and good venting are therefore 
necessary. It can be forged hot or cold It is filed best with single 
cut files. The metal is much used for purposes for which copper, tm, 
and other metals have hitherto held sole sway. For electrical con- 
ductors it 18 coming into much use, displacing cop^r to some extent, 
and for other purposes too numerous to mention ® 

Aluminium Bronse. — An alloy of copper with aluminium, m various and 
widely difitering projportions A tensile strength as high as 57 9 tons 
per m. has been obtamed with this material ; and with a tensile strength 
of 33*4 tons, an elongation of 56 per cent, in 2 in. Professor Unwin 

^ gives, as the result of a test on a specimen bar } in in diameter, a 
tenacity of 86*78 tons per square in , an elongation m 10 in. of 33*26 per 
cent., a contraction of 39 87 per cent , and an elastic limit of 17*74 tons 
per square inch. 

Amerietn Cloth. — Sometimes used with red lead and oil, to form the 
■team joints of flanges, in a similar manner to gauze wire, or asbestos 
sheet. 
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Ai^U WbttU, or Twiit Whteli. — X form of screw gearing (q v. in Diet ) 
m which the teeth form portions of many thre^ed hehces, and bv 
means of which motion is transmitted between shafts which cross each 
other, but are not parallel In these wheels, the friction between the 
teeth is wholly that of sliding, hence their wear, and the mechanical 
loss occasioned is excessive Skew bevels (q v in Diet ) are sometimes 
used in reference to angle wheels, because tljey develop less friction. 

Aagnt Sfluth's Proeesi. — A process employed for protecting water-pipes 
from corrosion The pipes are heated to 310® Fahr , and immersed in a 
bath of pitch, to which a little oil is usually added, the temperature of 
the bath being not less than 210° Fahr. 

Animal Charcoal. — Denotes the material used for case-hardening of the 
most efficient character, as distinguished from the very superticial 
hardening effected by potash. Case-liardemng m Diet.) The 

ammal charcoal comprises the leatlier clippings, horns, hoof panngSj 
bones, &c., used in the case-hardening box (q v. in Diet.) 

Arboring — Signifies the sliouldering backof a flat bearing face, to receive 
the washers and nuts of attachment bolts. It is done by means of a 
broad facing cutter wedged transversely in a boring bar, or arbor 
Where hollows or angles intersect flange faces, and where the surface 
ot a casting is from any cause uneven, arbormg is usually and properly 
resorted to. 

Armoured Hoie — Rubber or other hose winch is armoured with steel 
wire wound spirally round the outside, thus prot<‘cting it from cuts, 
abrasion, or other damage 

Antomatioi — Tins term is commonly applied to a class of machine tools, 
the full designation of which is automatic screw machmes. Tliese havo 
been largely developed m America in connection with the manufacture 
of small arms, first, and afterwards of sewing machines, typewriters, 
watches and cloc'ks, etc. Tliey have long b^n m use in small-arms 
factories in England, but have not been generally known h) engineers 
until the cycle -makmg boom brought tlieir value into prominonee 
Generally, automatics are turret mai^hines m which pieces of work of 
identical form are machined and cut off from a bar that is fed auto- 
matically through a hollow spindle and ( buck , machining being per- 
formed by tools held and rotated in turn m a turret. The movements 
of the work and the turret are rendered synchronous by devices 
embodied in the machines, as cams of various ^ds, dogs, sprmgs, and 
belt-shifting devices. No two classes of machines are alike, and some 
have very little external resemblance to others. Of late years the 
tendency has been to increase the size, capacity, and power of these 
machines, and ^ adapt them for handling castings as well as bar work. 
The pioneers m this class of machme are the Hartford, the Spencer, the 
dev&and, the Brown and Sharpe, and the Herbert. These are some- 
times termed fuU automatics to distin^ish them from the semi- 
automatics. The first named require so Uttle attendance that one man 
can readily attend to six or eight of them, but the latter usually require 
the constant attendance of one man, excepting in the case of heavy work, 
in which a considerable time is spent in cutting, when a man may attend 
to two maeliineB. There are several machines of other ki^s, the 
operations of which are automatic, as bolt threaders, nut tappers, gear 
cutters and others ; but when the term automatics is used it is under- 
stood to mean the automatic screw machines named above. (See Semi- 
Automatic ) 
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Axle Box Slide. — stout casting compo^ of two plane portions standing 
at right angles, and stiffened with internal brackets. Used for the 
same purpose as a horn block (qv. in Diet.). The horn block is a 
single casting ; the sUdes are rivet^, — one on each side of the axle box* 

B. 

Ball Bearings — ^These have largely displaced common bearings not only 
in the cycles and motor cars, for which they were first adapt^, but also 
in engmeers’ machinery. It is usual now to see races of ball bearings 
fitted to take the end thrust of lathe spindles, of drill spindles, of the 
radial arms of dnlling machmes, of the knees of milhng machines, and 
in innumerable other machine parts, and parts of engmes, etc. The 
balls are made in special automatic machmes, turned, hardened and 
g^und, and sorted automatically accordmg to size. 

Barrel Wheel. — The large wheel which is keyed upon the same shaft as 
the hfting barrel of a crane, and by which the barrel is directly revolved. 
It is the last one in the train of gearmg. 

Barring — (1) The turning round of an engine flywheel with an iron bar, 
to get the engme over dead centres (q v. m Diet ) m readmess to start. 
Pomts of leverage or fulcra are afforded by fixed pms, suitably placed 
adjacent, and a few holes are drilled in the flywheel to take the point 
of the bar (2) Also the initial turning of a large engine by a smaller 
ongfine. (3) jPokmg away lumps of fuel from the immediate vicinity 
of the tuyere holes of a cupola, an iron bar being thrust through the 
sight hole for the purpose, in order to make a free passage for the 
blast. 

Basie. — Being of a highly metallic chai'acfcer. Tlius, slags are said to bo 
basic, when they contain a large proportion of metallic oxides. 

Batter — The slope or angle given to a wall or chimney. 

Bevel Oear Planer. — Several machines of this type have been developed 
of late years. The device is not new, but the practice is growmg m 
favour. Those machines are either of the former, or the generating 
tyx)e (See Generatmg Gear-cuttmg Machmes ) In the former 
machines the planer arm that carries the cutting tool js controlled by- an 
enlarged copy of the tooth ; — the former, — which is usually three times 
larger than the tooth, in order to reduce any error present. Tlie wheel 
blank is mounted in such a relation to the cuttmg tool tliat the latter 
always cuts in a plane which, if prolonged, would termmate in the apex 
of the pitch cone. The blank is rotated by siutable mechanism between 
each cut In some machines two tools reciprocate and cut alternately 
on opposite sides of one tooth. The prmcipal objection to the use of a 
former is the possibility of some inaccuracy in the foraer itself. This, 
however, can be but slight, and it is obviated in some cases by shapmg 
the former in a machme of the generatmg type. The best known bevel 

S ear planers of the former class are the Gleason, the Oerlikon, the , 
■reenwood & Batley, while the Rice uses a circular cutter. 

Binder Pulley. — pulley, the sole function of which is to bind or 
tighten a bdt or cord on its driving and driven pulleys, when, owing to 
extension or slirinkago of the belt or coni, the tension becomes variable 
in amount. The binder pulley is properly made adjustable. 

Blue Heat. — A range of temperature between about 470*^ and 600^ Fahr. 
corresponding with a blue black colour, during which steel becomes 
injuriously &ected by work done upon it. Bending a strip onoe only 



APPENDIX. 


421 

while at a blue heat alters the material for the worst, notwithstandmg 
that it may be bent cold with relatively httle mjury. 

Bob. — A lap (q v. in Diet.). 

Bobbing. — A term sometimes applied to the lapping (see Lap in Diet.) 

of metals, the lead or copper lap being termed a bob. 

Body Flange. — When a pattern nange is fitted temporarily over the body 
or outside of a pipe, for convenience of sliding it along into any position 
for stoppmg on odd lengths, it is called a body flange, to distinguish it 
from the flanges which are fitted in grooves permanently, at the ends of 
pipe patterns. 

Bolt Forcer. — A small hydraulic Machine for forcing bolts out of coupl- 
ings, etc , by the pressure ot a ram. The work is done easily and 
quietly. 

Boring — In strictness, the term boring has reference to the cutting out 
of holes of large size, the term drilling relating to those of small 
diameter. Still, the term is somewhat vague and loosely applied, since 
we speak of bonng bits, bormg lathes, whudi operate on small as well 
as large holes A more comprehensive definition would be, that boring 
relates to the formation of holes with tools having a single cutting edge 
only, while dnlhng signifies the formation of holts with tools having 
two cutting edges. 

Boss Tools. — Moulders* sleekers (see Sleekers in Diet ) used for smoothing 
the sides and bottom faces of lx>s8 moulds. The body of the tool is of a 
hollow semicircular cross section, and has a flat horizontal set-off piece 
at the bottom. It is attached to a long vertical handle, or stalk, above 
Bottom Clearance — The distance between the pomts of the teeth of one 
wheel and the roots of another wheel which arc m mutual engagement, 
the clearance being given to prevent mjurious gnnding and f notion 
between points and roots 
Breaking'down Point —See Yield Point. 

Brick- work Flnei. — (1) The external flues in a Lancashire or Cornish 
boiler, forming split draught, or wheel draught, as distinguished from 
the internal flues in the boiler itself (2) ClJliequenng (q v. in Diet ). 
Broad Catting. — The taking finishing cuts, of considerable width, with 
square-nos^ tools, off the surfaces of turned or planfri work 
Bnckftavet. — The cast-iron plates winch form the outer casings of rever- 
beratory furnaces, and which are supported by the bolts passmg from 
one side to the other. 

Bull Xetal. — An alloy which is used for hydraulic and marine work, and 
for gun fittmgs, both m the form ot bar and of castings The tough- 
ness and ductility of the alloy mcrease with high temj)eratures, so that 
at 400° Pahr. the strength of rolled bull metal is equal to that of mild 
steel. 

c. 

Caleiner — Specifically, a reverberatory furnace (q v in Diet ) having a 
hearth of large area nearly as broad as long, and used m the roasting 
of the ores of copper. 

Caliper Oaoge. — ^A horseshoe gauge (q v. in Diet.). 

Calorimetar.-v'An instrument used for ascertaining the heating power of 
ooaL The sample is ignited by potassium chlorate and potassium 
nitrate in a tube enclosed in a vessel of water, and the comparison of the 
original and the final temperature of the latter with allowances for 
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radiation, &c., gives the calorific value. In the calorimeter for deter* 
mining the drynesa of steam, the steam is admitted to a closed vessel 
containing cold water, and the final temperature is the basis of the 
calculations made to detemune the percentage of water in the steam 

Cape Chisel. — A term sometimes applied to a cross-cut chisel (q v. in 
Diet ) 

Capstan Tool Best — This appliance affords one of the most striking 
examples of development in the machme shop practice From a small 
adjunct to an ordinary lathe it has grown into the most important fittmg 
of many special lathes The larger capstans or turrets are fitted with 
elaborate fwxes of tools for tummg, bormg, facmg, threadmg, knurling, 
and cutting off Some are hollow to permit long rods to pass clear 
through without excessive overhang of the tool Instead of half-a- 
dozen tools some turrets are now capable of carrymg sixteen to eighteen 
Some also cairy a supplementary turret or cut off shde The largest 
turi*et8 are rotated on ball races, frequently by power. The movement 
of the tools IS arrested automatically at the right moment by stops, and 
by a knock out arrangement, after which the turret is rotated to bring 
the next tool mto action The movements of the turret sjmchronise 
with the automatic feeding of the stock when doing bar work. Often 
also movements of a cross slide carrymg one or more tools synchronise 
with those of the turret, its action also bemg controlled by stops 
Botary oil pumps and pipes and spreaders are fixed to all modem cap- 
stan lathes to flood the tools with lubricant, a feature which conduces to 
heavy and easy cutlmg The development of the capstan lathe also 
includes the tooling of castings of fair size, and often these are placed m 
the machme automatically from a feeding magazme The capstan 
lathe is still undergoing rapid development, and will doubtless contmue 
to do so in many directions now unsuspected 

Oarbon Steel — Denotes common steel, or that which is produced by the 
umon of a definite quantity of carbon with iron This terra is neces- 
sary, since alloys possessmg steel-hke qualities are now made by a 
umon of iron with manganese, silicon, or tungsten 

Carborondum — An abrasive material, the hardness of which is second 
only to the diamond, and is used considerably where emery and corun- 
dum had previously been employ^ 

Carping. — A term urod in North Britain to denote the alteration m form 
which timber undergoes by shrinkage. Synonymous with Warping. 

Cait Iron (see Diet ) — The tensile strength of cast iron seldom avera^ 
more than seven or eight tons per square inch, but its compressive 
strength varies from thirty -five to forty tons. In rough calculations 
the weight of a cubic inch of iron is usually taken at 263 lbs , and 
of a cubic foot at 450 lbs ; but this is necessarily approximate, since 
grey, white, and mottled irons have different sp gravil es Grey iron 
mdts at from IGOO® C to 1700 C , and white iron at from 1400’ C to 
1500^ C 

Cementation Furnace — The furnace used for the conversion of bar iron 
into blister steel. It is an oblong, arched chamber of fire-bnek, sup- 
plied with small chimneys leading into a tall stack The 
contains a fireplace, ninmng longitudinally between two oblong troughs 
or pots, m which the bars arc converted into steel These may measure 
12 rt 0 in long, by 3 ft 0 in wide, by 3 ft 0 m deep TThe pots rest 
upon and are flanked by a senes of fearers and divisions of masoniy, 
w^ch form channels for the diffusion of the heat and flame from the 
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fireplace. There le a tap hole m one end of each pot to receive the 
proof or trial bars. The furnaces are built in ranges of five or six. 

Change Point — In a workable machine the relative motions of all ite parts 
must be completely constrained If, however, in any portion a want of 
constrainment occurs, — that is, if through lack of proper coercion it is 
possible for that portion to remain still, or to take some other motion 
than that mtended, that position is termed a change point. Constrain- 
ment is usually brought upon changed pomts by duplication of the 
mechanism, so that one portion is in complete constrainment whilst the 
other 18 passing its change pomt An example occurs in pairs of 
coupling-rods or links with their cranks, placed at 90° of an^e with 
each other 

Change Valve. — A vahe used on a hydi^aulic crane, for directing the 
water pressure into two or three lifting cylmdcis at pleasure, either 
smgly or m combination, in order to obtain different degrees of power 
adapted to the load to be lifted. It is operated by a slide valve passmg 
over ports. 

Change 'Wheels. — The practice of changmg sets of gears by hand for 
every screw of a different pitch is givmg place to that of employing a 
nest of gears, by which the movement of a lever putting various sets 
mto operation, effects changes m a second or two. This excellent prac- 
tice has followed the Hendey Norton device, and it is now applied to a 
considerable number of latnes of small and medium dimensions, and 
also to a few other macbmes for effecting changes of feed Another 
growing practice is that of coimectmg the feed rod of the lathe with 
the same gears that actuate the lead screw, and thus drive either one at 
pleasure. The feed rod is then placed in front of the lathe, and dis- 
places the back shaft arrangement with separate belt dnve. 

Choking of Vents.— See Vents, Choiring of 

Chucking Lathe. — A face lathe without a poppet. It is of a type which 
is growmg in consequence of the mcreasmg practice of effectmg separa- 
tion between the various sections of work done m modem shops. Face 
work only is done upon this lathe, and often only a portion of that 
work, such as turning a nm, or boring a hole, etc , the rest being 
completed m another machine. 

Cinders, or Ashes. — Are used to assist in the venting of moulds and of 
cores Where large central sp<ice8 exist m cores or in moulds, whether 
they are made m ^ecn sand, dry sand, or loam, these are filled with 
emders, roughly, of sizes ranging from | in. to ^ in in diameter. The 
air from the numerous vents collects in these, and is carried away quietly, 
instead of rushing out with diflSculty. The vents from larg^e cores 
are also often collected and brought out through vent pipes (q.v. in 
Diet ) into a body of ashes placed outside the core, against the termina- 
tion of its ven{^, and the vent to the outside of the mould is placed in 
commumcation therewith Cinders of larger size, say from 1 in. to 
2 in. in diameter, arc used in the formation of coke beds. (See Coke 
Bed in Diet ) 

Oirciunferential Fitch (sec Diet ) — It is this pitch which is usually and 
conveniently made the basis of calculation m screw wheels, and helical 
gears, because more ea^ of measurement than the normal pitch (q.v*) 
notwithstanding that the latter is the true pitch on which the tooth 
sections eho'iild he proi^rly based, and whi^ must alvrays coincide 
in wheels gearing together ; whereas in screw wheels, having different 
angles of t^ad, the circumferential pitches will differ also. 
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CltgfiT* — ^Denotes tha sticking of sand to a pattern, which is damaging to 
the mould. 

Cod. — ^This term is often used in the foundry, to denote a green sand core, 
a mass of sand upon a drawback, or any loose portion of ^een sand, — 
as a “cod of sand.” This term is also sometimes used to denote a small 
tongue, or fillmg-up piece, such as a glut. 

Cold Blow. — A cold blow is said to result when the percentage of foreign 
elements, such as sihcon and phosphorus, undergoing oxidation in a 
Bessemer converter, is not sufficient to maintain the high temperature 
required for the successful conduct of the process. (See Bessemer 
Skulls in Diet ). 

Cold Soldermg — This really is a process of amalgamation of metallic 
surfaces by the aid of mercury. A haid amalgam is made of five or six 
parts of pure silver, three or four parts of tin, and three to five per 
cent, of bismuth This alloy is melted and cast mto mgots, the mgots 
reduced to fine filmgs, and these filings mixed, when required, with 
enough mercury to form a stiff paste, which hardens m about an hour. 

Collector. — A vessel or drum fixed on the upper part of a water- tube 
boiler into which the steam generated m the tubes ascends, and whence 
dry steam is taken to the engines 

Coming-down. — Boiler crowns are said to “come down” when the plates 
are bulged downwards into the firebox through overheating, due to the 
accumulation of deposit thereon 

Compensating Lever — An equal-armed lever, which is used to obtain a 
mean between unequal pressures In the locomotive, the lever is a 
iigid bar, pivoted at its centie, and the ends of its equal arms are 
attached to the sprmgs at front and back, thus equalising the loads on 
their wheels, and so rendering the engme less liable to injurious jerks 
and j’ars when running over rough ways. The reason is obvious, since 
for a lover with equal arms to bo m eqmhbrium, the imtial forces acting 
thereon must immediately become equalised. 

Copper Smoke. — The gases which escape from the hearth of the reverbe- 
ratory furnace in which the calcination of copper ores is performed. 
They consist of sulphurous acid, with a little of the vapour ot sulphuric 
acid, arsenious acid, and hydrofluoric acid gas. 

Core Vonti. — The methods of venting cores do not differ materially from 
those employed for moulds (see Ventmg m Diet.) Cores are vented 
with the wire, and with ashes, with stnngs or ropes, and with rods, 
and the sand employed is also, when dried, of a porous character. Core 
vents require to be well secured where they fit into their prmts, or into 
one another, or where they abut agamst the mould Wet loam is often 
daubed around to secui'c these, and dried with a “ devil,” or open fire. 

Counterbore (see Diet.) — Signifies also to bore a large hole concentric 
with another and smaller hole, the hole thus bored forming a recessed or 
shouldered jxirtion to the other, to receive the head of a cheese-headed 
screw, or of a shouldered pm. A pm drill is commonly used m 
coimterbonng. Sometimes the pm dnU itself is termed a counterbore. 
The term is also sometimes us^ to signify the simple enlargement of 
holes already drilled with a smaller drill, not in the sense of reammg, 
but of enlarging with a pm drill. Tlie enlarged portion of the bore of 
a cylmder mto which the covers are checked is called the counterbore 

Counter, or Engine Counter. — An automatic recorder for fegistering the 
number of revolutions made bv an engine. The motion of the engme is 
transmitted to the counter, either from a reciprocatmg part of the engine 
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by a pawl and ratchet-wheel, or from a revolving part by means of an 
endless screw. An index-hand registers the number of revolutions. 

Coantarsank Sivet. — A nvet, the head of which is shaped to fit mto a 
countersunk bole, so that it hes flush with the face of the plate or bar 
m which it fits. It is employed in cases where a flush face is necessary, 
in order to permit of the attachment of other pieces of work. 

Crank Hoop. — A hoop of wrought-iron or of steel shrunk around the 
webs of locomotive cranks, with a view to prevent accident m case of 
sudden fracture of the web 

Cup Brum. — A term sometimes used to denote that form of sheave-wheel 
(q.v., in Diet.) the nm of which is recessed out foi the individual links 
of a cham. 

Curving of Castings — Wlien castings are badly proportioned, that is, 
when there are hght and heavy fliinges or nhs m close proximity, the 
coolmg docs not take place regularly, and then one portion becomes 
“drawn’* by the other, becommg curved m consequence. Usually, 
the section having heaviest metal goes concave lengtliwise, but this is a 
general rule only, since in some cases the opposite condition obtauis A 
knowledge of the amount and manner of curving can only be gathered 
by experience, and tlien but impt^rfectly. 

Cylinder Batio — The ratio between the capacitieR of the cylinders in 
compound engmes Speakmg generally, the ratio equals tho initial 
pressure in the cylinder, miiltiphed by the number of tenths of the 
stroke durmg which it is required to tidmit the steam in tho high- 
pressure cylmder, divided by the constant 105. But a very eonHiderablo 
variation is permissible. 

D. 

-bright — Practically equivalent to bumishing. It means that 
machmed siurfaces shall be finished with dead smooth files and oil until 
all tool marks arc obliterated, the gram closed tip, and a jxilished faco 
imparted. Such a surface keeps bright for many years The term is 
us^ m specifications 

Bead-Hole — A hole which is not a thoroughfare hole , that is, one that is 
bored only for a certain diat.inee mto a piece of metal This term is 
used chiefly in connection with the use of taps, tho plug and bottoming 
taps bemg made expressly for tappmg dead-holes, which could not be 
reached with taper taps. 

Belta Metal — An alloy of copper and zinc, with a small quantity of iron. 
It IS prepared m various gr.ules, both cast and forgcnl. From tests 
mady by Mr Kirkaldy the following results were obtaini'd — A specimen 
cast m sand, havmg an area equal to one square mi h, stood an ultimate 
stress of 20 9 tons, and an elastic stress of 7 9 tons, and also an ultimate 
percentage elongation of 19 1 m 10 in. A rolled bar of tho same section 
gave an ultimate strength of 33 9 tons, an elastic strength of 21 8 tons, 
and a percentage elongation of 21*6 m 10 m A similar bar, annealed, 
gave 29 8 ions ultimate stress, 9 6 tons elastic stress, and an elongation 
of 34 7 per cent m 10 m. Delta metal is readily cast and forged. It 
is adapts for screw propellers because it has good resisting power to 
corrosion. At is also suitoble for small-gear wheels, bemg stamped hot 
in suitable mes, and for pump- work and ornamental fittings. 

Die Forging. — The forging of smiths’ work in dies is largely practised in 
the case of repetitive work. Dies are single,’ or double. If the top 
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portion of the forging is plain, a single Toottom die suffices ; if ot^rwi^e, 
a portion Of the forging is formed in a top die. The accurate dosing of 
the two portions is controlled by long pms, or dowels, pabsing from one 
into the other, or by the hammer its^. The forgmg takes mace under 
the Oliver, or the dtop hammer, or the steam hammer, or me forgmg 
press. Care has to be taken m cuttmg off the exact quantity of metd 
reqmred for the forgmg, m order that on the one hand the forgmg shall 
finish clean and sharp everywhere, and that on the other there shall be 
as little superfluous fln as possible The practice vanes with the type 
of hammer or press used, and with the dimensions of the forgings ma^. 
A quantity of pressed plated work is also done with or without weldmg. 
The introduction of mild steel mto the smithy has had the effect of 
mcreasmg the range of die forgmg because, being practically destitute 
of fibre, forms can be stamped out of solid plate or bar that would when 
made m iron have involved prelinanary bending, welding, etc. (See 
Drop Forgings ) 

Die Nut. — A square nut of hardened steel and of the usual thickness, but 
having three or four grooves cut in it. It is used for cleaning the 
threads of studs which have been damaged, the nut being run down 
and back agam. 

Differential Principle. — Tlie methanical principle which has for its basis 
the difference between two members connected ngidly together, by the 
application of which m various machmes, a very large mechamcal gam 
IS obtained with a small expenditure of power It denotes in general 
the compoundmg of two or more distinct motions in such a way that 
imiform variations of speed shall be imparted to certain pieces of 
mechanism relatively to one another. In the Chinese windlass, in the 
wheel and axle, the differential screw, and differential pulley block, the 
prmciplc 18 embodied 

Diitribution Valve. — A mam shde valve, or mam valve (q v m Diet.), a& 
distinguished from an expansion valve (q v ) ^ 

Driving Chams — Much improvement has taken place m these as a result 
of their employment m cycle drivmg, and they are bemg mtroduced mto 
engmeers’ works for operating shaftmg and machines. They possess 
advantages over belts whenever a short drive is necessary, smee they do 
not shp, neither have they to be tightened up as short belts have to be. 
The drive is positive and rehable, and is suitable for high speeds, as for 
governors Different classes of chains are used for various kinds of 
work. Some are employed for operatm^ the feed movements of machine 
tools, m place of belts In the Benoid cham the sprocket wheel and 
chain are designed so that as the cham stretches with wear the links 
shall still take a proper bearing on the teeth. 

Drop Forgings. — A term a^h^ to forgings that are stamps in dies 
under the drop hammer, it is employeil rather looseljr to signify any 
dass of light stamped forgings irres^ctive of the particular hammer 
used. They may bo in either steel, iron, copper, or aluminium. The 
oconomio value of drop forgmgs is recogmzed to a rapidly increasmg 
extent, as firms lay themsdves out more for the production of repeti- 
tive machmes and interchangeable parts The dies used may be of 
cast iron, or more accurately and permanently cut in steel. Frequently 
an intricate forgmg can be made thus m a single heat withm 
a uunute that would require several heats and smiled labour at 
the forge. Drop forgmgs are also all alike when made in the same 
dies. 
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Drop Htmnier — A heavy hammer used for forging It slides between 
'^▼ertica] guides^ and is suspended by a broad leather belt that passes 
over and is attached to a pulley of large diameter overhead, and to 
whose opposite end, cone or other gear is attached, by which the weight 
18 lifted Very httle power is required to hft the hammer, because 
most of the load is hfted by the leverage of the pulley and the breadth 
of the belt, these being so proportion^ as to produce this effect, The 
throwmg out of the cone allows the hammer to fall. 

Drop Worm. — A worm which < an be dropped out of engagement with it^ 
wheel, either by hand or automatically. It is used on some types of 
milling and other machmes 

Dry Fuddling — White or refined iron (q v ) only, is suited for dry pud- 
dling. In dry puddling the principal oxidizing agent is the atmosphere, 
which plays over the surface of the pasty met^l on the furnace bed, but 
the action is assisted by hammer scale (q v ) added to the charge, and 
the oxide of iron formmg the bed The pasty metal is rabbled over the 
bed to assist the oxidizmg ac tion, the carbon being removed as carbonn* 
oxide, while the silicon, sulphur, phosphorus, manganese mostly enter 
the t.ap cinder m the form of oxides As the metal becomes purified its 
fusibihty decreases , it is then said to “ come to natup?/’ and is balled 
up in readiness for squeezing 

E. 

Electrically Deposited Copper — See Seamless Copper Tubes 

Electric Crane. — A crane dnven by a dynamo mdepeudent of the mecha- 
nism of the crane, the electric current being conveyed along copper rods, 
rubbers or strikers sliding along the rods and cf^mmumcating with an 
electric motor on the crane As yet the applications of electntity to the 
dnvmg of cranes is chiefly confined to the overhead traveller type, to 
Goliat^, and gantry cranes, and m hut a slight degree to portable 
travelling cranes The first named affords by far the largest exemplifi- 
cation of this application. The reason is partly that the gantry being 
fixed affords a good medium for transmission, and partly that the older 
overhead travellers, whether operated by hand, or driven by steam 
engines direct, or through cotton ropes or square shaft were open to 
objections of a serious character. The rope drive is by far the best of 
these methods, but the electrical is superior to this for several reasons 
The chief argument m favor of the latter is that no part of the crane is 
in motion, and no expense is bemg meurred except when the crane is 
actually liftmg or travelling , that the troubles arising from steam, from 
belts, ropes, Mid square shafts are avoided alto^a^ether , and as regards 
the hand traveller the speed obtamed is vastly m excess of that. The 
most modem ty^ of electnc crane is that m which a separate motor is 
fitted for each motion of the crane, one for liftmg, another for travelling, 
. and a third for traversing the crab crossways, hence these are com- 
monly termed three motor travellers. When an auxiliary hoist is fitted 
for hght loads, it may also have its own motor. These represent the 
latest practice. Many electnc travellers have been built on what is 
termed converted models. Thus an old rope — or square .shaft-driven 
type has been taken, and its main features retamed, with the addition 
an electnc Aotor, hence termed sm^le motor travellers The result 
has been that the motor is kept running constantly, and the different 
motions, together with the reversals of each are effected through trains 
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of or belts, thus making of the crane a very complicated and 

incAsient machme, and one liable to get out of order easily. 

Xleotrio Driving. — This practice is growing rapidly. It has two appli- 
cations, one to shafting, the other to macmne — and other tools. In the 
first the custom is to dnve a certain length of shafting by its own 
motor, and thence dnve the machine tools of that particular section by 
belting from the short length of shafting. In the second the motor is 
attached to any suitable place on the machine, or built into the machine, 
and the current for the motor is brought through a conductor, which 
may bo flexible The relative ments of the two systems are partly 
obscured by the fact that all factories which were m existence until a 
very few vears since were committed to belt driving, and, therefore, the 
dnving oi lengths of shaftmg by motor and beltmg machines therefrom 
is the only course open, short of throwing out or converting much 
valuable machinery Yet there is no doubt that the self-contained 
motor-dnven maclune is the ideal one of the future, and many firms are 
now building large numbers of such machmes. With regard to the 
relative ments of belt bus electnc dnvmg they may be summed up 
tersely thus Shaftmg, bcarmgs, and belts ab'^orb half and often more 
than half the available power for dnving, much more, m fact, than the 
machmes themselves, nearly all of whu h is saved by the use of con- 
ductors. Shaftmg and bearmgs and belts afford lodgment for dust, 
they obstruct light, stram buddings, and are very expensive for up- 
keep. The renewal of belts is costly, the expense of lubrication and 
attendance also, while it is not easy to keep shafts and bcanngs m 
permanent ahgnment, Tliere is no doubt, therefore, that belt-dnving is 
aoomed by the introduction of the oleetric motor into workshops 

Electric Welding — A process invented m 1886 by Professor E. lliomson, 
the electrician of the Thomson- Houston Elcctno Company, of Boston, 
United States of America It is based on the principle that the 
eleetneal resistance is gi eater at a break than at any other portion of a 
conductor Its application consists in applying the ends of two pieces 
of metal to be welded together, and passmg a strong alternating current 
through tlie jomture The heating due to the resistance at this pomt 
fuses the surfaces The industry has developed latterly with great 
rapidity. All kmds of metals and alloys can ^ thus umted, and also 
dissimdar metals and alloys, and nearly all sections and sizes, from wire, 
up to sections of several square inches. Machmes are in use for the 
purpose. At the moment of weldmg, pressure is used, varying with 
the material. For copper a pressure of about 600 lbs per tquare inch, 
for iron 1,200 lbs , for stoel 1,800 lbs is employed It saves a good deal 
of time and trouble in making scarfed, veed, and other forms of welded 
joints, the welds being of the butt tyjie Weldmg <x materials that is 
not safe with ordmary methods is rehahle when done electrically. 

Elliptical Gears — Gear wheels, the pitch peripheries of which are 
elliptical in outbne In elliptical gears, the centres of whose shafts 
are placed in the intersections of the conjugate and transverse diameters, 
there are four rates of revolution, two maximum and equal, two 
minimum and equal, comcidmg with the major and imnor diameters. 
These are, therefore, variable gears (q v ) EUiptical gears, the shafts 
of which are m focal centres, are used occasionally for producing a quick 
return (q.v. in Diet ) motion. Then the shaft of the driven wheel has 
to be movable in space. 
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Spicyolie Trfti]l Diet ) — ^The peculiarity of this gear is that the axis 
of one wheel being fixed, the axes of the others rotate round it, and these 
consequently have a motion compounded of their own rotation round Ihe 
fixed wheel, and of the rotation of their axes m space. Thus, suppose 
two equal wheels : the one havmg the movable axis will turn round once • 
in a complete revolution round the fixed wheel, and once more 1^ reason 
of the revolution of its axis round that of the fixed wheel. Hence it 
will make two revolutions m the course of one rotation around its fixed 
or dead wheel. Any number of wheels may be combmed m an epicyclio 
train, but their relative motions will be calculated on the basis of the 
two classes of rotation 

Exhaust Injector — A form of injector by means of which exhaust steam 
at the atmospheric pressure is made to force water into a boiler against 
steam of high pressure. The aiTangement of the mechanism is designed 
to cause the eidiaust steam to come mto contact with the cold water in 
the combming cone, and produce condensation, and a partial vacuum, 
into which more steam and water rushes, improving the vacuum, until 
sufficient velocity and force are generated to ovei’come the back pressure 
due to the steam in the boiler 

External Flues. — Boiler flues which are placed without the boiler shell, 
as in waggon and haystack boilers, and the brickwork flues m Cornish 
and Lancashire boilers. (See Split Draught, Wheel Draught, in Diet ) 

F. 

/. is the symbol commonly used by engineers to signify stress. 

Factor of Safety (see Diet ) — If the calculation i-i one determining the 
load on a structure, the load correspondmg with the ultimate strength 
will be divided by the factor of safety m order to give the safe workmg 
loadT The factor of safety may also be determined in reference to the 
elastic strength of the structure mstead of by its ultimate strength. 
This, divided by the factor of safety, will give the safe working load. 
Factors of safety will range from about three in iron structures, 
subject to dead loads only, to ten m structures in the same material 
subject to live loads, and vnll reach twenty or more m the case of masonry. 

Feather Edge — A keen edge, or, as the workmen say, an edge gomg on, 
or tapermg off, to notbmg. 

Feed. — The feeds of modem machine tools have been much extended and 
improved, both in the extension of the number of feeds, and in the 
facihty with which they can be changed. Extremely fine and extremely 
coarse feeds are now embodied in many cases, and the changes are made 
less by belt al^ne than by a combmation of belt movements with that of 
gear wheels and lever. In some mstances as many as six changes are 
obtainable for one position of a belt. In others changes are made 
wholly by toothed wheels and lever, a drive which has the advantage 
of bemg positive, and of mvolvmg no trouble with belt shifting 

Feed Gear. — The mechanism, usually automatic, by which the extent of 
the operations of cutting tools us^ m machines is governed. Com- 
binations of gearmg, fe^ screws, ratchet-wheels, &c., are variously 
employed ; •with the result of impartmg a precise and definite amount 
of forward or downward movement, either to the tool or to the work, 
immediately after each cuttmg stroke. 
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Flwt Vlut. — ^The combufttion flue of a borizontal boiler, bo Xkamed to die- 
tintftdsb It from the Bmoke or return fluea which ace built in brick* work. 

TUnk Oletranoe.— The amount of clearance or space between the flanki 
or sides of wheel teeth, which are in mutual gear. 

Flash BoilBr. — A boiler which contains a large number of small tubes 
maintained at a red heat, and on to which the water is sprayed, 
mstantly converting it into steam The generation of steam is thus 
very rapid. It is not a new type but is being brought into prommence 
recently by its employment for steam-driven automobiles 

Fining — The process of refining pig non in the process for the manu* 
facture of coke plates. (See Coke plate in Diet ) 

Finning — The jomt edges of a dii^ sand mould are more tender and 
fragile than those of a green sand mould , and if, at the final closing 
of the flasks, they come into such contact that sensible pressure occurs 
between the opposite faces of the mould, the edges will become fractured, 
and the loose sand falling into the mould will peihaps produce a waster 
casting. To prevent this crushmg, the edges are pressed down with 
the trowel, while the mould is yet green, so that actual contact of the 
faces does not occur This process is termed finning, because a thin 
sheet of metal or forms inconsequence around the joint edges 

of the casting. This is easily chipped on, and entirely prevents nsk of 
crushing ol tlie mould 

FUxiblf Shaft — A shaft composed of a number of coils of wire wound 
in right and left directions round each other, thus givmg flexibility 
while transmitting motion nmilarly to an ordinary shaft Suitable 
driving and transmittmg pulleys and chuck are fixed to the ends, and the 
shaft may be used for driving any portable machines which are taken to 
heavy work, iu preference to bringing the work to the tools. The 
machines driven thus include drills, tappers, reamers, grmders, etc. 
The end of the shaft may be driven by a portable eleotiic motor 

Floor Flatti, or Foot Plates. — Tlie plates of cast or of wrought iion 
which cover the area immediately in Iront of an engine furnace Tast- 
iron foot plates are chequered o>er, tliose of i^Toiight 11*00 are tesselated 
in order to att'ord a firm foothold for the stoker 

Fly Eope. — A term often used to denote a lopc of (otton or liemp used tor 
telodynamic transmission of power. Tlie term has reference to the high 
swed at which sucli ropes ai*e driven 

Fork Soriber. — A senbe (q v in Diet ), the outline ot which is somethmg 
hke that of a straiglit spanner, but the ends of the horns are tapered 
and pomted, and are used as ngid compasses for describing a number 
of circles all of the same size. 

Fon&ing — Applied specifically to a large class of tumii^g done on special 
lathes by means of broad cuttmg tools, the faces of which are shaped 
to exactly the same section as that of the pieces to be cut Forming 
tools are often made up to six or seven inches or more m width Their 
> alue lies in the production of uregulai* contours, curved and otherwise, 
which in the ommary way would be done by the aid of several tools 
tliat render uniformity m many pieces difficult of economical attainment. 
Forming tools are much used therefore by brass finishers and by the 
cycle makers. 

Foundation Bing — The ring uliicli forma the base of a locomotive fire- 
box, and to which the plates of the inner and outer boxes are riveted. 
It IS of square cross section, and of rectangular outline in plan Wew, 
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Vtietilon Back Gear. — ^This is a device borrowed from the turret lathes, in 
which the hack g^ar is put mto and out of engagement by means of a 
friction clutch within or next the cone pulleys, by means of a lever, 
while the lathe is running In the usual style it is necessary to stop i 
the lathe to throw out the locking bolt, and the friction gear saves this 
trouble, and time. 


G. 

Gang Mills — Large milling cutters that arc built up of several separate 
smaller cutters either to toim a long parallel mill, or moi*o often profiled 
forms. This practice has rapidly extended, since broad pieces of work 
can be tooled thereby at one traverse, for whicli it would bo impossiblt' 
to make solid cutters to the required profiles 
Gap Oange — A form of plate gauge used by sinitlH It is made bv 
cutting a senes of notches of different definite sizes in the edge of a 
piece of plate These notches are 8lipj)ed ovei those portions of a flat 
or round bar which are bcmg forged to a ro(iuired si<je Thus, the 
delay and inconvenience attending the measurement of red-hot metal 
by means of the rule, or ordinary calipers, are avoided. 

Qai Furnace — A regenerative furnace (q v ) or specifically a reheating 
furnace (q v ) m which gaseous instead of solid fuel is used The ga^ 
may be made in a portion of the furnace itself, as m the Boetius, 
Bicheroux, and Ponsard furnaces, or m a separate producer, as m the 
Siemens. These are essentially reverberatory fumaces, either with or 
wUhout regenerators. The Siemens and the Ponsard fumaces are 
constructed with regenerators, the Bicheroux and the Boetius without 
Gat Engine. —The latest development m gas engines is in an immense 
increase in dimensions and ^wer, due to the utilization of the waste 
heat from blast fumaces. Tliese are made up to 1,000 h p. A good 
deal of difficulty has been expeiienced in cleansing the gases of dust, 
but that has been got over The v alue ot these gases for engine driving 
has passed the experimental stage By reason of this, and the laying 
down of plants for making producer gas foi smallci engines, the popu- 
larity of large gas engines is rapidl> increa'-ing 
Gear Cutting — Great developments have taken place m this depai*tment 
of machine thop practie-e The older machmes, in which the teeth are 
produced by millmg cutters, have been much improved m details, being 
built stiffer and more handy, and the proixirtion of automatic machines 
has increased. Two classes of machmes have grown in importance, the 
bevel gear planers (q.v ) and th3 generating gear-cuttmg machmes 
(q.v ). The rfactice of castmg the smaller wheels is dimmishmg by 
reason of the demand for cut wheels on machine tools, and on the higher 
class of mechamsms generally. Worm wheel hobbmg maclunes (q.v ) 
are also manufactured m consequence of the demand for that class of 
gear for machine tools and for electne cranes, and by the necessity for 
smooth reduction gears between electric motors and the machines which 
they have to drive directly at a rate of revolution slower than their own 
GuBMmting G^- Cutting Maohinea. — These arc machines m which a 
former, or templet, is not used, but in which the mechamsm of the 
' machiiie, and m some cases including that of the tools used, produces 
theoretically correct shapes for wheels of various pitches and sizes In 
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one instance a master tooth becomes the cutting tool, and it is operate 
in the same relation to the wheel blank that it would if in actual wpik, 
except that the movement takes place by a senes of steps that correspond 
with the cutting operations in other machines the movements are 
more complicate, and instead of a master tooth a mere cutting point 
produces the perfect teeth under the control of levers and other 
mechanisms lliese machmes are yet in their earlier stage of develop- 
ment, but their use will extend by reason of the demand for perfectly- 
formed wheel teeth for high -r lass machinery. The best known types of 
generatmg macliines are the Bilgram, the Warren, the Robey-Smith 
for bevel wheels, and the Fellows for spur wheels. 

Goliath Bails. — llcavy rails, of 100 lbs to the yard , several thousands 
of tons of which have been laid on the Belgian railways. 

Green Sand Moulding — All common work, which constitutes by far the 
largest proportion done, is made in green sand. The sand mix,tures 
used are weak and friable in comparison with dry sand nnxtures, and 
green sand moulds are therefore not adapt'd to stand the enormous 
liquid pressure of heavy casts. Sometimes a compromise is made by 
drying the siirfac’c only (see Skm drying) Also, the sand bemg still 
damp at tlie time of pounng, more, and careful ventmg are necessary, 
than in moulds made of dry sand, and loam , and there is a slightly 
greater nsk of waster cjistiugs Thm, narrow, weak comers, and 
sections of sand, arc also more liable to become washed away m green, 
than in dry Hands Drying increases the cost of the work. 

Qronndi — A U*rai uso<l in Nortli Bntain to denote the w'ood blocking or 
franung u^ion w hu h a pun e of met bani^m is bolted — a liand wmeh, 
for example 

Guide Screw Stock - A form of die stot'k (q v. in Diet ), originally intro- 
duced by Sir Josej[)h Whitworth, iii which the want of projier guidance, 
or the squec/Jiig inseparable more or less from the use of ordmary dies, 
is much diniiuishod In this stock the dies are divided into three 
portions, one liocoraing the guide, the other two, the actual cutters 
Th(» cutters are placcKl in radial slots, and are very narrow, so that 
they operate to the best adv untage, m opiwsition to the rigid guide 
piece. 


H. 

Hand Eammiug. — Ramming (q v ) performed by hand rammers, as dis- 
tinguished fiom that elfo< Uxl by means of a presser (q v ) All ordmary 
ramming is necessarily done by hand, tlie only exceptions bemg m the 
case of some few sjHH'ially constructed moulding m< ehmes, furnished 
with a pressing plate or air bag 

Haud-Workiug Tap - A tap (q v. in Diet ) which is actuated with a 
screw WTcntm by hand, as distinguished from a machme tap (q v. in 
Diet ). 

Headari — Vessels which are generally of a sinuous form, into which the 
ends of the tubes in w'ater tube Ixnlers enter and discharge their steam. 

Heater. — A cubical lump of wrought iron or steel made red or white hot 
and laid upon a portion of plated work which required to be slightly 
set or bent, and w'hich cannot be taken to the fhu. The praotaoe is 
objecUonablo though unavoidable in many instances. Also a lump of 
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cast iron nsed in the foundry for skin-drying moulds. It is made red 
hot and suspended in the mould or laid above it on suitable supports. 

High-Speed Fielding Engine — The Fielding engine is desired on the 
principle of Hooke’s universal joint. There are four cylinders, two on 
each bow of the jomt, the pistons being on each side of the disc. The 
cylmders and pistons are set in pairs, at right angles with each other 
The cylinders and pistons are curved lengthwise, and move in an arc of 
a circle struck from the point of the two arms At each revolution, the 
cylinders, which are single acting, are filled with steam onoe, and 
exhausted The steam enters through ports formed in the faces of 
bosses to which the cylmders are attac‘hea The faces of these bosses 
run m rubbing contact with valve faces fonned m one with the shaft 
bearmgs These faces have four ports, two in the end face, and two in 
the side, for steam and exhaust, resjiectively Tlie engines are com- 
pounded, the steam passing from small high pressure, round to largo 
low pressure cylinders. There are no dead points, and they run with- 
out special lubrication, at 1,000 revolutions jxt minute 

High-Speed Governor — The cross-armed centre -wcurh ted governor. It 
IS suited for driving at from 200 to 300 reiolutions per minute, and 
must be driven at high speeds, otherwise the centrifugal force of the 
balls would not suffice to overcome the gravity of the centre weight 
It 18 very sensitive to sudden changes iii the load of the engine, and its 
power 18 greater than that of the ordinary governors , hence its bulk is 
correspondmgly diminished 

Hohbing — Cutting the threads of wonn wheels, dies, or chasers with a 
hob or master tap m a lathe 

Hydraulic Joint — A form of joint used toconnw't piping which is subject 
to water pressure The flanges are checked mto one another by a male 
and female fitting, termmating in bevelled edges or shoulder •«, and a 
ring of indiarubber, screwed up aud pressed between the bevelled faces, 
renders the jomt water-tight. 


I. 

Ingot Iron — Mild steel, low in carbon, which has been prepared by the 
ojien hearth, or the Bessemer processes , a term employed to distinguish 
it from weld iron or wrought iron 

Im^t Saw — A hot iron saw specially constructed for sawing hot ingots. 
These saws are made several feet in diameter, for cutting ingots of 
several inches square 

Intoniilior — A device frequently employed in place of the hydraulic 
accumulator, fd^ converting a low water pressure into a higher. The 
water at low pressure operates a piston m a large cylmder, which in 
turn operates a ram of smaller diameter m a smaller cylinder The 
areas of the two cylmders are proportional to the difference m the low 
and high pressures required. 

Intarehangeahle Gaari. — This denotes gears whose te<*th are so designed 
that wheels of any number of teeth, if of the same pitch, will gear to- 
gether correctly. This can only be secured W designing the teeth on a 
common basi^ The Odontograph scale of Frofossor Willis effects this 
result by taking a generating circle of the same diameter as the radius 
of the smalleet wh^l of a (of 11 or 12 teeth in cast gears) and con- 

» r 
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etnicting aU the teeth on that baaia. Different makers ha\e different 
rules, but it is necessary that all fdiould be referred to a constant size of 
describing circle. In any case in interchangeable gears, the roots of 
the small pinions will be weak and those of the larger wheels exces- 
sively strong Pimons having a diameter smaller than the one which 
IS taken as the base, will have flanks much undercut, and convex in 
proflle In change wheels the base may be taken as 15 or 10 teeth 
Intermediate Gear — Gear which is interposed between power applied and 
the work done, for the purpose of obtaining mechanical advantage 
Intermediate Wheel — The cog i^heel in the intermediate ‘^haft of a crane, 
to distmguish it from the barrel wheel (q v ) 

J. 

Jockey Weight — A weight which is slid along a lever, in a weighmg or 
testing maehine, for purjioscs of preeise adjustment 
Jnmp Weld — A butt wx^ldod joint, formed by bringing the ends of a bar 
together, and jumping them up on the anvil, or with the hammer 

K. 

Key Ganges — Plate gauges, l>oth male and female, used for ehe< king the 
w’idth of keys and key seatings, the one lieing nob hod to embrace the 
Hides of keys of a given si/(*, the hllow one fitting closely within this 
notch, and ust^d to chock the corrc*Hponding width of key W’ay 
Key Way Catting Machinee — These machines are mostly of the vertiyal 
type, with the advantage that tlie wdioel to lie key giooved is laid ujxin 
H horizontal table The key groove is produced with a cutter held lu a 
bar that IS roeipi\>ontod These mai'hme-s offer scweral advantages over 
the practice of key way cutting m the slotting machine, both m icgard 
to ei'onomy in tune, and of umiormity in shap<' Tht'se t}i>esof vertual 
key way cuttt‘rs were first developed in Amei ica 
Xinematio Chain — A kinematic chain, or a closed Kmemattc cha>n^ is com- 
posted of a senes of kinematic links, so paired together that the move- 
ment of each link is absolutely constrained m relation to all the others 
in the chain WTieii a smgle link of a kinematic eliam is fixed, a 
mechantsm is produced When the Imks of a kinematic chain contain 
only two elements it is termed stmplc , when some Imks contain more 
than two elements it is termed a compound chain 
Kinamatio Xlamenti - Signifies certain profiles or forms, or methods of 
constraint imjmrted to bodies m mutual engagementkir connection, by 
means of wmch their relative motions ore absolutely constrained m 
all possible posiUons of the liodies These elements must of necessitv 
alw'ays occur in pairs, and they are the fundamental elements m aU 
meebanisms The most important are the turning pam^ and the sliding 
pans. The tyjie of tlie first is the revolving]^ with collars, that of 
the second the sliding block or guide block The methods of constrain- 
ment may either take place by surface contact, as in all loumal bearings 
and maohine slides, and m this case the term lotoei^pairt^ or lower 
pairing is applied to the elements , or they may take place by hne con- 
tact only, as in the case of cams and screw ^ars, m which case the 
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term higher pairs, or higher pairing is employed. A third pair of 
elementB is the twisting pair, of whi^ the common screw and nut is a 
familiar example. 

Xinamatie Links. — Bodies which are essential and elementary parts of all 
mechanisms, as rods, levers, etc , which are connected together by twcf 
or more kinematic elements (q v ) by which their relative movements 
are rigidly constramed. 

Knife Tool — ^An iron turner’s finishing tool, which is used for side cutting, 
and made in right and left hand forms 

Knock Off Joint — A joint used m the rods of deep woU-puraps. Tlie 
jomted ends of the xhds are enlarged to a square section and scarfed and 
notched to fit against one another, and are confined by a clasp or 
bndle embracing them The j omt is tapered lengthwise, and the hole 

in the clasp 18 tapered to correspond, so that the tendency is always for 
the clasp to tighten round the joint 

L. 

Lead Tempering — A method of tempering sometimes adopted for armour 
plate The advantage is umfomuty of texture For licating many 
classes of cutlery preparatory to hardenmg, a bath of molted lead, or of 
an alloy of lead with tin is used The advantage is that the tempera- 
ture of such a bath is uniform, and therefore more reliable than the test 
of colour By varying the proportions of lead and tm the tempera- 
ture of the bath can l>e vaned within a lango of more than 200 '’ Fahr 

Lever Crank Chains — Kmematic links which aie connected by pans of 
mechanical elements in smh a way that one pair being fixed, all the 
others have movement or motion ol rotation, lllustiatious occur in the 
eccentric and crank. 

Liftiijg Cylinder . — The cylinder of a liydraulic crane, which is used for 
liftmg the load, us distinguislied fiom the turning cylinder (q v.). 
Tliere are in the largest cranes, tlirecsiuh (‘yluiders, by means of which, 
when worked separately, or iii uuLson, different degrees of power can 
be exerted 

Limit Oanga — When a piece of work has to be tooled with a view to 
mterchangeability, a limit of variation is permitted on each side of the 
corre^ dimensions, and gauges are made to these hmits, and used to 
test the work by. The limits will vary in fineness with the nature of 
the work, and may range from inch to 7,0^^ inch The two 
dimensions are frequently combined in one gauge, which is stamped at 
one end “ Go on,” and at the other “ Not go on.” 

Link Belting . — This 18 composed of a number of short links cut from 
leather, arranged parallel and retained m positions by pins which permit 
the links to pivot freely, and bend round small pulleys and transmit 
power easily between those which are situated at a short distance apart, 
^ing more flexible than continuous belting, the necessity for running a 
tight belt is avoided, with all the losses of power, and strains on belt 
and bearmgs that result from that practice 

Lip BriU.—A common drill, the cuttmg faces of which are slightly 
hollowed out backwards, inmiediately al^ve the cutting edj^es, in order 
to gpve a Hight amount of front rake to the tool. A lip drill cuts 
faster than an ordinary flat drdl, but loses its edge quicker, necessitating 
frequent re -grinding 
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Liquid — A fluid which docs not expand, but remains in the bottom of a 
containing vessel when pressure is removed. Liquids are practically 
incompressible, differing m this rcspccjt Irom gases. But liquids expand 

, by heat, though to a much smaller extent than gases. 

Lilt. — A nm of tin formed along the bottom edges of tin plate during the 
prooosa of tinning, due to the accumulation of the supeAuous tm which 
nas drained down. 

Long Distance Transmission — Tliis is a result of tlie introduction of 
electricity into engineers’ work Specifically it applies to the trans- 
mission of electncity from the source of power to the locality where it 
is to be utilised. Its earhest application is the water power of certain 
distncts m America, Switzerland, Germany, Sweden, etc , m which 
electricity is generated at the falls of w^ater and then transmitted from 
the dynamos at the power station to motors and lamps at a distance. 
Tlie most familiar example is that at Niagara, w'hence power is taken 
to a distance of over 21 miles. But this is not the longest distance, 
though it 18 one of the earliest large appluations of water power 
Current has been transnutU'd to 100 miles and further in otlicr installa- 
tions. The power run l>e used for lighting, dnving, including tramcars, 
etc. Ilt‘(!rntly it has been proposed to introduce loug distance trans- 
mission in England, where largo water j>owers are not available, by 
producing cheap gjis m the coalfields from the slack, driving large gas- 
engines thereby, and goueratiug (‘h'ctneity for distribution. Tins will 
probably be realised m a few years 

M. 

Machine Tapper — A very useful appliance by means of which holes are 
tapped more quickly and ac( urately than by himd It is fitted ;to tlie 
BocKet of a dnllmg machine, and thus revolved. By means of an 
internal spnng the driving pressure on the tap is releastHi liefore it be- 
comes so excessive as to l ause risk of fracture of the tap— the socket 
slipping round meiely, without oix*ratmg’. The tap has to be run bock 
by reversing gear attuc hed to the drilling machine. Tliere is no risk 
with this, as there is with hand-w'orked tiips, of the work being out of 
perpendicular And larger, heavier jobs can be done upon th^nlling 
machine, which could not be done m the screwing machine. There arc 
two of these machine taj^rs m the market — Pearns’, and Payton’s. 

Machine- working Tape — TopH (see Tup m Diet ) made for use m a sinew- 
ing machine, and employed chiefly lor tapping nuts They are longer 
in the shank than hand-workmg taps (q v ), so that several nuts may be 
threaded at one time, Thi\y arc also tai>er tups, an^ thoroughfare 
taps. 

Maonanghting. — The term commonly applied m the North of England to 
the oompoundmg of steam-engmes, after Macnaught, who, m 1845, 
patented an engine m wduch a high pressure cylinder was incorporated 
with an ordinary condensmg l)cam-cugme 

Ma^etic Brake - -A brake which depends for its action on the cessation 
of the flow of an electric current The brake goes on automatically 
through the action of solenoids, when the current ceases t6 flow, and is 
lifted by the passmg of the current. It is therefore automatically safe, 
and 18 used for hoisting machinery. 
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Magnetic Clinck — An American chuck which holds iron and steel work 
hy the force of magnetic attraction, the slight current from an incan- 
descent lamp bracket sufficing. The work is laid on the face of the 
chuck, and the magnetic force alone suffices to hold it in all the lighter 
operations When heavy tooling is to be done, the resistance of a fence* 
IS utibsed also. The chief value of the chuck consists in securing very 
thin and delicate pieces which would be difficult to fix by clamps or 
vice, and its present applications are chiefly m grinding machmes, for 
which it IS eminently smtable In a lesser degree it is used on planing 
and milling machmes and on lathes 

Manganese Steel — A compound of manganese with iron, for a know- 
ledge of which we are mamly indebted to the late Mr Robert Hadfield. 
Though manganc'se is present m all steel, tlio above term is given specifi- 
cally to compounds containing more than 7 per cent or ranging from 
7 to over 22 per I'cnt The properties of manganese steel are, extreme 
hardness, toughness, and ductility The effect of vattT htu-denmg 
ujxm it 18 the reverse of that upon eaiboii steel, mcreasing the ductihty 
as well as the tensile strength 

Man Power — Roughly, the tenth of a horse power, or 3, 300 -foot pounds 
per minute. 

Motion Plate — A plate of ( ast steel, or of rolled steel, or iron plate, whieh 
IS bolb'd transversc'ly between the longitudinal frame-plufi's of a loco- 
motive, to carry those ends of tb(‘ motion-bars fartla'st from tlie cylmder. 
The c ounce ting-rods and the lalvo-iods pass tliiough openings m this 
plate on their wav to the trank axh' 

Movable Centre - A centre ot motion wliu h is not fixed m space, but 
which revohes around a fixed ccntio (q \ in Diet ) {Si'c also Epi- 
cyclic Tram 

Multiple Drill -- Besides the’ drills of tins e lass used for jdating and boiler 
making, tliere are otlu r more ree cut tjqics of muchmes One of these 
is #kjd for dnllmg Imles in the flanges of pipes and cylinders, the 
drills lieing adjustable m tiich’s of ditfcrent diame^tcrs, to dnll all the 
holes 111 a fliuigei simultaneously Similar mae.hmes aro usetl to drill 
the holes m re'tammg rings of the w<x>den wheel centres of railway 
wagons and carnages, and for many othtr applications Scnsituo drills 
arc also fitted with multiple spindles for dnllmg holes in hue, or in 
^anous patterns 

Ilultiplf Moulding — A svstem of moulding some classes of work in which 
the top and l>nttom parts of moulds arc formed on opi)<)siie‘ faces ot the 
same Iwdy of sand Sc\«ral of these U ing superimposed the metal 
runs frtun top to bottom of the series, filling all tlie iiioulds ui its 
aM eiit. 

Mutilated Gei^i, or Segmental Geare — A term ( ommonly upidied to a 
(lass of gears not often employ* d, but wlinb an >et ( xtn nul y useful 
m some kinds of automatic me* lianiMii lu these g(ais the fi’oth, 
instead of King cnutinuous, 0 (<upv a portion only ot the pihh jieri- 
phenes Tlieir a* tion is therefore (‘ither absolutely mb nuitt* nt, ( easmg 
altogether for an indefinite ixnod, or paitially mtermitU nt, (easing to 
o^ioratc on one portion of the dnvtn meeliauism, but (»poiatmg instead 
upon another. 
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Odd-Side Moulding. — A method of moulding which is much in use among 
brass moulders. An odd-side is a false mould, corrcspondmg with the 
dummy mould prepared m the first stage of ordmary moulding, done by 
turning over That is, the patterns are arranged m a box of sand or 
plaster with their joint faces properly made, and often with the ingates 
in position, 6ind from this odd-side the bottom part of the mould is 
rammed. Or two odd-sides may be used, one for the bottom, the other 
for the top part. The advantage is that the trouble of arrangmg the 
patterns and making the sand jomts and ingates for each sepaiato 
mould IS saved, smoe an odd-sido will do duty for many scores of 
mouldings, the actual number depending on the care with which it is 
made and the permanence of its material Odd-side therefore resembles 
plate moulding, but instead of plates of wood or metal, boxes of hard 
rammed sand or of plaster arc used 

Oil Bath. — A bath, or reservoir, of oil, in which revolving parts subject 
to excessive friction arc partially or wholly immersed, to provide them 
with constant lubncation Worm gearing, when run at a high speed, 
is often immersed in an oil bath. 

Open Link Chain. — Chain whoso links are not stayed or supported 
across their centres witli a stay or stud Nearly all the cham used 
by engmoors is of the opcn-lmk type, aud of the close or short-lmked 
class Cham is made of BB quality of Shropshire iron, having a 
strength of 26 or 27 tons per square inch, but the ultimate strength 
of a chain is often 25 pcT eent less than this —the reduetion of strength 
being duo to imix'rfoci welds, and buniing The safe working load 
of a ouo-iiK h eham is about six tons The comparative strength 
of other chains is to the onc-inch cham as the square of the dia- 
meter of tlie iron from which they are made. Another appn^imate 
rule for the saf^ ivorkmg load oi ehams is —square the number of 
eighths of an inch in the iron and strike off the last figure as a decimal , 
the result is the gi eatest safe working load m tons , if there is a single 
figure only it repioscuts the decimal fraction of a ton Chams are 
tested to about half their estimated breaking strength, and the proof 
stram is about double the safe working load Chams should be fre- 
quently lubricatcxl with oil, apphod wnth a hnisli After they have 
been in use for several months they become crystalline and bnttle, 
hence the reason for cKTasioual annealing, winch is performed by heatmg 
them over a wckkI lire, or m a core stove, and then allowmg them to 
cool down gradually 

Opening Die — A sc'unnng die used in screw machino% in which the 
dies open and clear tlu thread on coming to the end. The turret and 
die are then run bat k, so saving the trouble and possible injury to the 
thread due to the reversal of the solid dies Most threads of medium 
and large size ai*e out w'lth opening dies on screw machmes 

Ore Furnace — S].)ccilically the revcrbeiatory furnace (q v ) used for the 
melting of coaiso metal (see Matt, in Diet ) Its hearth is much smaller 
than that of the calcmei (q v ), or about one-third the size, while its 
grate is largei The reason is, that in the ore furnace the charge has 
to bo raised to the melting pomt, while m the cakiner it has to be 
roasted only 
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Pasting.^ Securing together the halves or sections of cores, previously 
rammed in separate portions, with clay water or with flour 

PeltoxL Wheel. ~A water wheel of small diameter which is rotated by 
means of a jet of water directed under great pressure into the buckets. 
These wheels are used chiefly in mming districts m California and other 
parts of America where gieat heads ol w'utei, m some cases of 1,000 
feet and over, are available 

Petroleum — A rock oil, found extensively m the Mcmity of the Caspian, 
and m the Umted States of Amenca It m*curs chiefly m the Silurian 
and the lower Tertniry formations It is employed in a anous forms for 
lubrication , and for illummation, and as fuel The preparations of petro- 

leum for lubncatmg ha\ e the advantage over oils of animal and vegetable 
ongiu, that they do not absorb ox} gen from the air, w hich causes sponta- 
neous combustion As heavy oils of this kind do not thicken, and retain 
their proiierties when heated, they are valuable for hea\'y hearings, and 
engine cylmders IVtroleum is iHioming ulihsed hir prime mov« rs (st;© 
Petroleum Engine) and also for fu<*l The flrst application of it to 
this purjwHo was m Mr Holden’s injei tor for the engmes on the Great 
Eastern Railway Mr Urquhart has iistxl it duimg many years paat in 
Russian locomotives. A very considerable saving has been effected by 
its use. 

Petroleum Engine — An engine in which the vapour of petroleum oil is 
utihsed as the motive power Theiv are three types of this engine- one, 
in which a jet of oil is mixed and sprayed with a eiirrent of air, and 
the two being received with a further supply of air in a vaporizing 
(hamber, heated by a jacket through which the exhaust gases pass, 
are cxirapressed, ignited by an electm spark, and expanded, doing work 
m ^jfe cylinder, and exhausted. Pnestraan’s engine is of this elass In 
the second tyjie the oil is injectetl into a volume of air heated and com- 
pressed m a vessel which ojveus into the (ylmder The Akroyd engmif 
IS of this elass In the third class the oil passes through a heated 
< haralKT, acting as a gas generator, on its way to the eylinder. The 
Homshy engme belongs to this < lass Pidroleum engmes are now 
extensively employed, because they have proved to be economical in 
workmg. Thus, Protessor Unw^n, as the result of tests on a five 
horse-pii w cr Pnestman’s engine, made the estimate that the consumption 
of oil was equal to that of from 1 02 to 1 23 lbs of coal per brake 
horse-power per hour, w bile the lowest rocordtd t onsumntion of steam 
in a tnple expansion engine corresponded with 1 G1 lbs of coaljier brake 
horse-power per hour There is a large field for the employment of 
oil-engines, •because, m addition to their economy, they have this 
advantage, that the oil supply being mdependent of the engine, no 
fixed pipe connections are necessary as in the case of gas and of steam 
engines Oil-engines have been used for pumpmg, for driving dynamos, 
for working rock-dnlls, for workmg air-compressors, for fog-signallmg 
at lighthouses, and for dnv mg launches and barges. As the engines 
do not reverse, a reversmg friction clutch is used for dnving launches 
astern 

Piping — Tlfb drawing down or hoUowing out m a conical depression of 
an ingot of cast steel, due to the shrinkage of the metal In cast-iron 
it would be termed a “draw “ (see Feeding, m Diet ) 
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Pitohometer.— An instrument by which the pitch of a propeller is measured 
m place. 

Plain Iftachlne. — The term is applied specifically to a milling machine 
that is not fitted with a complete dividing head with change wheels, and 
« the functions of which therefore exclude spiral nulhng and the cutting 
of gear whe(*ls 

PlaitiO — Materials are said to be plastic when they have no tendency to 
return to their onginal shape after the action of external forces operating 
upon them is withdrawn Clay, putty, &c , arc plastic substances. 
The tennis employed six^ufic ally, to distmgiush su(h substances from 
those which are termed chistic 

Plastic Metal — Richards’s plastic metal is a white alloy, having a low co- 
rfiieient of friction, and anti-corrosive properties which render it adapted 
for high-spi*od bcanngs, luid for use under water It can be employed 
for fan bearings, locomotive axle-boxes, glands, and for coating pro- 
peller-blades It f on tracts very httlo in cooling, and fuses at a low 
tcmjicrature It is used as follows — Melt the ingots in an iron pot, or 
ladl(‘, over a slow firc' , then run the metal into thin strips like tinmen’s 
solder. The bc^anng or other article haiing IxK'ii thoroughly dec i s d 
from oil and grease, should Ixj heated hot enough (aliout 4.)0" Fahr ) to 
melt the plastic metal , then, after ha\mg first sprinkled a little ground 
sal-ammonnic njion tht* part t-o be refac'od, take a strip of the plastic 
metal and rub it on until a thin <*oating is formid , the metal may then 
lie pasted on, layer iijxai laytT, with a pliiinlKT’s soldenng-iron, until 
the required thiekm'SH is obtained, or it may be nm on out of a ladle, 
having first made a von) of dry sand, or iron plab\ to the rcqmreHl 
radius of the bearing Wlien “ pastmg-up ” upon plastic metal, first 
apply a little spirits of salts t-o the surface* of the old plastic metal 
Plumb Buie — A rule or straightedge used to k'st the perpendicular 
accuracy of a supixisid vertical surface It carries a plumo Ime against 
the centre of its longitudinal axis, and has a recess, cut near its^ower 
end, for the plumb Uib 

Pneumatic Hoiits — Liglit hoists by whic h loads are lifted directly by tlie 
movement of a piston m a long cylinder w hn h is suspended over the 
work. These are now largely us^ in foundries, mat hiue shops, &o 
The y are fixtd or jxirtable, in tlio latter t use being fitted wath a httlo 
trolley tti run along an overhead track, or along the jibs of crane frames 
or of travelling guntnes Coniprc'^sed lur is brought to them by flexible 
hose, and the val\es are ojxTatcd by deiiendent chain and lever 
Pneumatic Tools — Coni])rcss(‘d air is usea for (qx*rating many small tools 
w'lueh w^ere formerly driven by hand or by water-}x>w er, or by ruunmg 
cords or ropes, tht' application lieing of esptH ial \ aliie w'here portabihty 
is requiretl Tlie compressed air is brought in flexible rubber armoured 
tulie to the tools, and the latter art> either held in tlie w orkman’s hands 
or in a frame, as in the t'ase of some portable drills and tapping 
n\a(‘hines, \:e. The principal tools w'hich are used thus are anils, 
tapjiers, nvetters, eaulkmg hammers, chipping chisels, beadmg tools, 
wood-bonng augurs, foundr)' rammers, &c 
Point Chuck. — Tlio dead wutre, or point centre, attached to the head- 
stock of a lathe, for tunimg w’ork wduch is pi\otod between centres. It 
is either fitted with a conod end into tlie hoDow of the maz^drel nose, or 
it is screwed over the nose, like the face, and cup chucks. In the latter 
case it is also usually slotted through for the driver (q.v. in Diet.). 
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The latter method is adopted on bmall lathes, the former on those of 
best construction Also called driver chuck, and rimmng centre chuck. 

Fop. — A term used in North Bntain to denote a small boss which receives 
^ a set screw. 

Portable Drill — A type of small hand drillina: machine, used chiefly for < 
drilling holes in boiler shells, and fire boxes tn situ The machine is 
held m the hands, and operated with an endless cord, from a pulley 
overhead, the cord passing over guide pulleys, the distam^es of whicn 
are adjustable. 

Potash Hardening — A shop term, which distinguishes mere surface har- 
dening, effected by the contact of potash at a rid heat with wrought 
iron, from that effected in a case-hardening p)!, in pndonged contact 
with animal charcoal The former is a mere him that can bt' penetrated 
with a file , the latter is of seiiHible depth, or from .,V to in deep 

Pot Steel — Cast steel (q v in I)ict ), to distinguish it from steel made by 
Bessemer and Siemens processos 

Pottering Down — Pokmg or stoking the fuel around the timibles used 
for steel melting 

Pouring Basin — The depression, or hollow rece]ita{ Ic above the ingate of 
a mould, which rweives the metal from the ljulh‘ The basin is deep, of 
sufficient area, and all sharp comers of sand are strupulously avoidwl 

Power Oas — Any gas that is used for driving gas engines It includes 
the Dowson, the Duff, the Mond, and the wash' gases fiom blast 
furnaces The thermal \ alues arc less than that of illuminuting gas, 
but w'lth full allowance for this, tin ‘y are so mudi cht'ajK'i that they 
have created a demand for large gas engines, whn h aie likely to displace 
steam engines for large power stations as well as for engineering works 
and factories 

Power House. —Specifically as applied m the fiwhirv, it means the house 
in which power is generattKl for distnbution to the works It has a 
more^xtended significance than the old engmc liousc and boiler house, 
although it includes these A modern jiower house comprises boilers, 
engines, dynamos, and often hydraulic pumps and air comjircMWors ; 
because steam, electricity, water and air all now liavc their applications 
in mimy large faetones The gimerators of ]X)wlt are the Ixiilers which 
consist generally of a battery of Lancashire typo with es ouomisers, or of 
water-tube boilers The transmission of iiower directly from the 
engines to distant departments by shaftuig is lessenmg, Ixnng displaced 
by that of the elecTnc conductor from gciu r<dors to motors "iTlio belting 
of dynamos from engines is a plan whu h is adophd less than formerly, 
the modem djmamo being coupled direct to the shaft of the engine 

Power Tranimitter — Shaw’s transmitter is a su(ce'^^ful devao by means 
of which powwr w transmitted from a motor to shafting, or to pulleys. 

It depends for its action upon the fn< tion of a cod spring ent losed in a 
cybndnc al box sliding closely upon a cylinder or boss whu h is keyed to 
the shaft. There is some rather intricate gear for controlling the coil 
spnng, which cannot be described m detail without a diagram, and 
which vanes m different classes of transmitters , but by its means the 
gnpping power of the coil is limited and ailjustahle, so that machmery 
can be started without sudden shock , and m the case of excessive and 
unusual resiatance being offered, a relative movement of the ocul and 
case takes plac^, by which the coil is released from its grip automatically. 
The ooil and its parts work in a bath of oil, and the wear is practically 
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<•11. Tlie fea nwnit ter is largely used on gas engines. The exterior 
iffwaaoe is aimply that of a cylindrical box, with starting handle, 
rim Hiiaber.—Tbe ordinary change wheels used for screw cutting 
have opposite numbers of teeth. These, in various combinations, will, 
cut screws having an almost iniinite range of composite pitches But 
to out threads having prime numbers to the inch, change wheels ha\’mg 
prime numbers of teeth are requisite. Pi^e numbers can be cut with 
a division plate, or with a traversmg mandrel. Any number that can- 
not be divided without remainder by any other number is said to be 
prime , that is a prime number is one whifh has no divisor or factor 
but itself, and unity. The prime numbers up to 97, which alone would 
concern screw cutters, arc 1, 2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 
41, 43, 47, 53,59, 61, 67, 71, 73, 79, 83, 89, 97 
Propeller Starter — An hydraulic madimc which is clamped round the 
shaft of a propcllei , and that basiams, generally four m number, which 
press against the piopellci boss and start it off the shaft 8omeof these 
starters aie capable of pressing with a force of 300 tons. 

M. 

Baoing Lineg The eoncentru hues turned on the faces of flanges to hold 
rod lead, yarn, or t oppcT wire to make sb'am-tight joints 
Bain-Water Pipe —A spe< nil hraueh of jape founding, done chiefly m 
Scotland, which is an luteicstmg illustration of how the minimum 
thi(‘kncMs of iron c an bo run over a large hurfae(‘, by using metal of 
soft(*Ht qiiiility, thoiouglily liot, and employing several long narrow 
runners The tliiekiK'ss df the metal in these pijios ranges from J m. 

1 o *, ill 

Bamming — The eonsolid.ition of the sand aiouud a pattern by means of 
a rammer Sand may lie r<immod too hard, oi soft , ir^the first 
jdaei' 1 aiising scabs, in the sei’oiul the formation of lumps on the 
fastings Sand icfiuiies to be rammed liarder in some sections of a 
Tiionld than in othiTs, and dry s<iud may be rammed harder than green. 
The hauler the ramming the more complete should be the venting 
Baw Hide Gears Pinions and wheels made of specially hard leather 
built up in several thiekncsses, through which the teeth are cut They 
are us(‘d to a i onsiderable extf'ut fur high speed driving, especially as a 
first gear from an oleetne motor, being durable, elastic, and noiseless 
Begenerator (see Diet ).— Its fimetum is the utilization of the heat of the 
waste gases from the funiuee hearth Tliese gases being led through the 
brickwork, give up a large iwrtion of their heat thereto, which is 
afterwards taken up by a cool return current on its way to the hearth. 
There are wq)aiatt^ regeufiators for the air, and the Combustible gases. 
(Sec Air Pegi'ueratoi , Kegenerator, m Diet ) The generator of a 
hot-iur engine not like that used in a iegeneiator (q v m Diet) 
fmnarr Following Stirlmg’s patent m 1827, it consists of thin sheets 
of metal, or layers of wire gauze, thiough w^hich the exhaust hot air 
passes , wliith heat is taken up agam by the cold air for the succeeding 
stroke 

Begister. — To regihter im to fit one section to another, to cause parts to 
eomeide accurately The term is applied to the good fitfmg of pms and 
holes, rebates, rings, &e. 

Be-Starting Injeetor —Is designed for use in locomotive and marine 



APPENDIX. 


443 


engines, which, being subject to shock, sometimes render the ordinary 
injwtor unreliable. In the injector patented by Messrs. Schafter and 
Budenberg, the steam nozzle is cloi^ by a double -seated valve of 
conical form. Hence, when it is opened, an angular jet of steam issues 
from the nozzle, and condensing a portion of the cold feed water 
creates a partial vacuum, which causes the steam to flow with higher 
velocity, and carry the water mto the boiler. 

Bibbed Tubes. — The nbbed tubes, the invention of M. Serve, were 
mtroduced with a view to increase the heatmg surface of the fire tubes 
of steam boilers, with a correspondmg economical consumption of fuel, 
and an increase m steam pressui’e The tubes are simply rolled with 
several internal deep radial nbs running longitudmalfy. They are 
made in iron, steel, copper, and brass They have been approved by the 
Committee of Lloyd’s Register, and by the Board of Trade authonties. 
Messrs John Brown & Co , of Sheffield, are the manufacturers 
Experiments have proved that 15 per cent, better results are obtained 
by the adoption of the Serve ribbed tubes when natural draught is 
employed, and of 20 per cent when forced draught is used The 
Purves flue tube.s are nbbed and corrugated transversely, and are also 
manufactured by Messrs John Brown & Co. 

Bivet Tail — That portion of a nvet which is turned over m the process 
of nvctmg, or the opposite end to the nvet head, which is formed by 
machinery 

Bivetlng Tower. — A tower built over the riveting machine in a boiler 
shop, m which the Lancashire and Cornish boilers are slung vertically 
dunng the process of nveting up the plates. 

Boiler Bearings. — Used for shafting of all kmds, both driving shafts and 
those fitted to machines, and for turn-table and similar appliances where 
ease of rotation is essential. Tram cars arc also fitted with them where 
ball bganngs would bo rather more costly and not quite so suitable. 
They substitute rolling friction for the ordinary slidmg fnction 
between the journal and the axle bearing, and are m very extensive use 

Botative Engine — A term used to distmgmsh the ordinary engine with 
crank and fly-wheel from an engme m which the I'ociprocating move- 
ment 18 not converted into circulai movement The pumps of the 
Worthmgton class are driven directly by engim s which aie not rotative. 
The term is common m specifications 

Bnbbing — When it is desired to design a wheel or wheels to gear with 
one already existmg, it is customary to rub a sheet of clean white 
paper on the ends of the teeth of the old wheel, m order to obtam their 
correct curves, whence those of the new wheel are adapted thereto 
This is called “ takmg arubbmg.’^ 

s. 

Scaffolding — The formation of arched accumulations of partially melted 
iron m a foundry cupola, due to bad unequal chargmg of iron and coke 
The coke bums and sinks down from underneath the iron, leavmg it m 
a more or less pasty condition, which either delays the castmgor renders 
the iron unsuitable for its purpose, or blocks up the cuj^la. 

Scroll Gear. — a form of the variable gears (q v.) m which the pitch sur- 
face IS m the form of a scroll, the effect bemg to impart a gradually 
increasing rate of motion to a shaft. 
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Seamiest Copper Tubes. — The numcroue accidents which have occurred in 
consequence of the bursting* of steam pipes of brazed copper have resulted 
in the introduction of a succx^ssful economical process of making seam- 
less tubes by electrohtic dej>o8ition, the invention of Mr Elmore. Thar 
tubes are made m a bath of copwr sulphate from bars of common Chili 
copper, which are simply placed m the bath and allowed to dissolve. 
The copper is then deposited from its solution upon a slowly revolvmg 
iron mandrel The dejxisited crystals are broken down almost as soon 
as fonn(*d by an agate buniisher kept movmg backwards and forwards 
along the revolvmg mandrel A layer of copper, one-seven thou- 
sandth part of an UK h m thickness, is formexi between each reciprocation ‘ 
of the burnisher The tubes are deposited at the rate of J m in thick- 
noHS per wc*ek of 144 hours So dosely are the particles squeezed 
together that the spec ific gravity is increased, until ^Is-to i m thick 
weighs G lbs to the scpiare foot, instead of /) 79 lbs The metal has a 
tensile strength of 25 bins jier square inch, with an extension of 20 per 
cent m breakmg The copper is jicrfectly pure, and the pipes are 
homogeiK'ous and of e<|ual tliickness and strength, and without the uncer- 
tain braz(‘d joint The pijK's are mode m all sizes, from 6 in to 18 in. 
dianu'ter, andfiom a little more than ■\\ in. to ^ in m thickness 

Sector Oeare — A t-eim applnxi to a 8pe<*ial form of toothed gearing, by 
which motion of an intermittent charaettT is transmitbxi from one shaft 
to another Tlie jntch penphenes of the wheels, lustc'ad of bemg «on- 
tiuuous, an' bniken up into arcs of c Irek's of different ( urvations, each 
pair of arcs then 'fore transmitting diffen'ut velodty ratios The gears 
arc, thcn'fon*, Minable (see Variable Gears), though the b'rm inter- 
mitti'iit woiihl more jirojx'rly be applied to them, iK'cause there is no 
merging of different s^xHids into ea<*h other, but a sudden and instant 
change of sjM'cds. 

Semi-Automatici — These (constitute a largo class of machiqps which 
occupy a middle jxisition Ix'tween the entirely or “full” automatic 
machines and those which involve the constant attendance of an 
oiierator Tlie term is chiefly apphed to turret lathes and screw machines. 
Usually several movements an' automatic, but not all Thus the stock 
may or may not Ix' fed through the hollow spindle, and gnpped m the 
chuck by jxii^er, the turret may bo rotated and brought up to its work 
by hiuid or by jxiwer The screwing dies may be self-opemng or self- 
closing by hand or by poiv er But the point is, that somewhere in the cycle 
of ojierations the attendant has to inb'rfcre to keep the cycle progressing. 
Then' is little to distinguish them from thi* automatics (q v ) They are 
made mmany t vpes, and in shops that deal with a miscellaneous and general 
class of work tliey arc often more adaptable than the full automatics. 

Separator. — A devnee to pri'ient pruning in steam ftipes. There are 
various tjmes made use of, the aim being to throw down the particles 
of water winch an' mcH'hanically mixed with the saturated steam, leaving 
the latb'r conqiaratively dry on its passage to the cylinder. 

Shingled Bloom — A term applied to the ball of crude malleable iron 
which has Ixvn subjected to the process of shmglmg, preparatory to 
rolling mto a slab or puddhxi bar 

Single Curve Teeth — Involute teeth (q v in Diet ), so called because their 
flanks and faces above and below that which correspondfi with the pitch 
Ime in double curve gear, are formed with a single oontmuous curve 
only. (See Double Curve Teeth.) 
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Single Ported Slide Valve. — The common valve, the travel of which is the 
same as the throw of the ec^centric The term is merely used to dis- 
tmgui>h it from the double and treble ported valves (described in Diet ). 

^labbing Haohmes — Large milling machines of the planer type used for 
taking wide and deep cuts off heavy work. The cutters ai*e generally 
made with inserted teeth 

Slag Pit. — A depression made bencatli the tap hole of a Siemens stec*! 
meltmg furnace tt) receive the slag after the metal has been tapped out. 
Also, the sunilar pit l>eneatli a Bessemer conveiter 

Slider Crank Chains —Kinematic links, whuh are connected by pairs of 
• mechamcal elements in such a way that two of the links cannot turn, 
but must slide simply It may be supixistMi to lie derived from a hvd 
crank chain (q v }, two of the links of whuh art' made of equal length 
and infinitely long An illustration occurs m the rts-tilineni motion of 
an engine slide block, moving in guide bars, converted into the angular 
and rotary motion of the connecting rod. 

Slot Brill. — The instrument used m slot drilling (q v in Dk t ) It is a 
flat-ended double-cutting drill, having two radial ( utting edges op].)osed 
to each other, and no centre pomt Being trai ersid as it operates, it is 
also termed a traversing dnll 

Smoke Tubes, or Fire Tubes — The tubes of multitubular boilers, thiough 
which the flame and hot gases ])ass from the fire grab' to the ( himney 

Speeds — The changing of speeds m ma( hinc tools is largely accomplished 
now in many modern tools, not only by (hanging the Ix'lt on the cones, 
but also through the miKiium of nests of toothed gl aring, which are (on- 
neoted to the belt-drive in such a way that lor one belt-spci^d there will 
bo two or more spei^ds available through the gearing This is a result 
of the developments of turret lathes Inang applied also to other tools In 
other ways speeds are changed, the best examjilcs ot whu h are cuttmg- 
off machmes, m wdiith, instead of sb'pped cone jiullcys, long (on«‘H are sc-t 
in revere dircK-tioiis, and the licit is slid Icngthwisi* ovci them as the 
centre of the work is ajiproached, wuth gradual acceleration of speed. 
In another design speed is chang(‘d at the countcr«‘haft by the Reeves 
expanding pulleys In this device the insides of tlie ])ullcys are slojied, 
and are made to recede or approach towards eiuh otlier, and a heft of 
comcal section rides between them at varying radii, so giving gradual 
changes of speed. 

Sphenetl Fuglne — The Tower engine is too complicated for descnption 
without illustration It consists of a pair of quarbT s]>lieres, limged to 
a disk along diameters at right angles with each other, and enclosed in 
a hollow sphere of the same ebameter as the disc, with the curvature of 
which also that of the ([uartcT spheres corre^inds Tlie hollow sphere 
is steam tight, ^d forms the cylinder Tne two spaces between the 
sections and disc will m the course of a revolution open and close in 
pairs, and this is the effect therefore of the (u*tion of sb^am adimttod into 
the hollow' sphere In principle the spherical engine is a Hookers 
umversal joint, the sections corresponding with the Imjws, and the disc 
with the cross piece connecting the Ikiws It is serviceable for dnvmg 
dynamos 

Split Key. — A key (q v ) which is split at one end similarly to a split pin, 
to lessen the tendency to work out of its bed. 

Spring Bate — The distance from centre to centre of the spring cradles or 
hangers upon which the ends of an arched sprmg are pivoted. 
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Spring Bnekle. — ^The iorgmg which embraces a sheaf or bundle of arched 
spring, at the centre. 

Spnng wmpais. — ^The amount of curvature of an arched sprmj? . 

Spring Cradle, or Spnng Hanger.— The forgmg which sustains the ends^ 
of arched spnngs, either with pins or with hooks. 

Stamps. — Pieces of refined iron of about 28 lbs. m weight each, obtained 
by nickmg and breaking up the blooms shingled under the steam, 
hammer in the refining process, for the manufacture of coke plates 

Standards — The standai-ds of the British yard measure and pound weight 
arc deposited underneath the window on the second landmg of the, 
staircase leading to the committee rooms of the House of Commons 
The standard yard consists of a solid bar of bra«s thirty-eight inches 
long, and one inch square, and the lines representing the length of 
thirty-six inches are cut upon gold plugs inserted and sunk in the bar. 
This 18 kept in a mahogany box sealed up m an oak case. The standard 
pound, of seven thousand grains, is a mass of platinum, in the form of 
a cylmder, nearly 1 35 in high, and 1 15 in. m diameter The first 
standard yard was made by Bird in 1760, but was not actually legahsed 
until Juno 17th, 1824, when an Act was passed to the effect that “ the 
straight line or distance between the centres of the tuo points m the 
gold studs m the straight brass rod, now in the custody ot the Clerk of 
the House of Commons . . . the brass being at the temperature of 
62 degrees of Fahrenheit's thermomeU'r, shall Ix', and is, hereby 
denominated the ‘ impenal standard yard Section .3 of the i.et 
contained directions for making a new standard yard in the e^ent of the 
original bc*c*omiug lost, or destroy ed, or def act'd, by reference to the 
length of a pendulum beating seconds ITie bar w as actually destroyed 
by fire ten years afterwards, and then on attempting to restore the lost 
sttmdard by lefereuee to the pendulum in the manner defined by tlie 
Act, BO many errors in the conditions nocessar}^ b(H*ame apparent, that 
this method was abandoned and the lost bar was uUiniattly restored by 
comparison with five yard bars still m existeiu'o The work w^as com- 
menced by Sir Francis Bayley, wdio died liefore it was completed, and 
w'as then finisluHl by the Kev. R Sheepshanks, wdiose standards are 
those still existing 'Hiorc were four rarliameutary copies constructed, 
and forty copies for distiibution among foreign governments. They 
are made of “ Bailey's metal, consisting of 16 parts copper, 2J parts 
tin, and 1 part 7iuc 

Standard Corrective Gauge, or Corrective Gauge simply — A cylindrical 
step gauge made of bteel, wdiich is turned in a succession of short 
parallel lengths or steps, to six or eight different standard diameters, 
and furnished witli a handle like an ordmary parallel cylmdneal male 
gauge Sixes advance eitlier by sixteenths or eight^is of an mch, the 
smaller gauges begmmug at or i in , and the larger ones range as 
high as 3 in. or 4 in. in diameter These gauges are not made for 
tlio testing of work m progress, but for the periodical testing of the 
chop gauges, by which work is bored and turned. 

Star Gtara.— See Variable Gears. 

Btaam Blower. —A pipe and cxick on a hji'omotive, employed to create a 
draught before the engme starts. The pipe leads into the clumney, and 
when steam is tamed into it, the action is sumlar to that«of the blastpipe 
in intensifying combustion when the engine is running, except that the 
blast 18 continuous instead of mtermittent, as in the case of the blastpipe. 
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8mm Locp.—Biirnliain’s steam loop is a device for economising fuel, by 
the return of condensed water to a steam boiler without the u^e of 
pump or injector, and in w-hich it is not necessary that the water should 
be made to flow by gravity. A bent pipe is carried from the condenser 
or separator, as the case may be, and consists of two vertical portions and 
a horizontal portion The vertical portion from the condenser or sepa- 
rator 18 called the “ riser,” the level length the ‘‘ h()n7ontal,” and the 
vertical portion to the Iwjiler the “diop leg” Ihese constitute the 
“loop ” The arrangement is such that a cuirent of steam from the 
boiler causes condensation in the loop, and the water from the condenser 
or the separator flows in to occupy the pjiilial lacuum thus fonntd, 
and gradually a constant flow of feed water is thus obtained 

Steam Packing — Packing w'hieh is used m the st lifting boxes of engine 
cylinders, steam chests, etc , to lender them steam-tight w^ithout mter- 
fenng with the free movement of the rods Tlu‘ bam is ustnl in oppo- 
sition to watei packing (q \ lu Diet ) Th(‘ materials us<hI are flax, or 
hemp, well saturated wuth grease , asbestos, c)i divided metallic rmgs 
Tlie packing is placed in the stuffing box (q v m Dut ) and tightened 
around the rod by the screwing dow'ii of a gland (q v lu Diet ) 

Steam Turbine — A successful lotary engine, designed by the Hon. C 
Parsons ongmally to be coupled directly to n liigh-spee<l dynamo, now 
used for dnvmg in electno light stations, and in toi jierlo boats and destroy- 
ers, and to a certain extent for passenger steamers Higb-pressuro stc^ani 
IS directed against moving tuibiue vanes through fixed guide-bludi s 

Steel Boilers — The use ot irou tor steam boib'is has Ix'cn ucaily aban- 
doned for that of steel The early diftn ultics w'hich arose from liaid 
bnttle plates have been overcome, and a mild, low carbon steel plate is 
more rehable in every way than one ot iron Tin re is also the advantage 
that plates of larger si/e are rolhsl in stetd, and the number of rivetisl 
yearns is diminished Sb*el nvets arij also geneially made iih(' ot 
SimuAaneously vvitli the devt lopment of the sb‘cl l)oiK‘i the maclnnery 
for boiler inaLng has growui in sizo and jk)WI'i, while lijdraulic and 
pneumatic riveting and caulking have almost w’holly displaced tlio w'oik 
of this class fonnerly done by hand 

Steel Pipes. — ^Water pip(*H made of thin sin ct Hb‘cl Tlicsc are coming 
mto increasing favour both at home and abroad Tin y liave lx*en injidc- 
as large as eight feet in diameter They liave the very gicat advantage 
over cast-iron pipes of lightness, a matter of the first c on**iderutii)u in 
new countnes, where they have to be earned over many miles of uneven 
country by ox wagons The sheets aie made so thin as a tenth of an 
inch 

Stocking Outter. — A term applied to a milhug gear cutUu that roughs 
out the maternal between the teeth preceding the action of the finish- 
ing cutter 

Straddle Mills — Milling cutters that are built up to machine the oub i 
and opposite edges of a piece of work, and generally tlie top face as well 
They are gang mills (q v ). 

Swabbing — Moistening the edges of a fouudiy mould witli the water 
brush (q v. in Diet ) m ordei to effect the due eouMolidation of the sand. 
Swabbing must be only moderate lu amount Excessive swabbmg' 
tends to produce scabs and blowholes. 
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Taper TnmlDg — Spef ifically lhat clone in a lallie by means of a taper 
attachment, or by means of the set-over poppet The tummg of short 
tapers is generally done by the slide rest, but that is not adapted for 
long tapers. Many American lathes are fitted with an attachment in 
the rear, in the shape of an adjustable bar to which the upper slide of 
the rest is connected, and by which its shding movement is controlled. 
This IS better than using the set-over poppet. 

Test Bari ^ce Diet ) — The highest result yet obtained w'as that of Mr. 
Thomas Tumor, of 42 1 cwts Tlie standard test bar is 1 ft 0 m. by 
1 in. by 1 m , which should break at about a ton It is convenient to 
know that pounds weight on the standard bar divided by 84, gives 
cwts on the 3 ft 0 in by 2 in by 1 in bar, and that cwts. on the 3 ft. 
bar, multiplied by 84, give pounds on the standard bar. 

Teit Freiiure —The pressure put upon a steam boiler before delivery to 
purchaser (See Boiler Testing in Diet ) 

Thoroughfare Taps — Tups wdiose square heads are sufficiently small to 
allow them to pass through the hole w'hich has been tapped with them 
and so save the time which would otherwise be lost in running tliem 
back. Whitwoith taps, and most modem taps are of this type 
Throat Plate. — The plate m the outer firelxix of a locomotive boiler, to 
which the lower poition of the barrel is riveted It is flanged forwrtrds 
at the t/op to receive the bairel, and backwards at the sides to receive 
the arcihed sheet of the outer firelxix 

Tool Pointi — The cutters whith are clasi^ed m a tool holder (q v in 
Diet ) to distinguish them fiom solid tools (See Sohd Tool m Diet ) 
Tool Boom — A small depaitraent m a machine shop m w'hich tools and 
gauges, etc , are made, ground, or otherw ise kept m order, and whence 
tliey are handed out to tlic men. The jiractice is superseding fuse older 
one in which each man attended to his own tools, and it is a very 
essential element m machine shop practice, now that so many fine 
gauges and testing instruments are used, and which must be kept m 
perfect order to lie of any proper service The t(K)l room is a microcosm 
of the larger shop, being ntU‘d wutli its own machmes 
Total Heat of Steam, or Total Heat of Evaporation —Compnses the latent 
heat, in addition to the sensible heat. It mcreases umformly with 
temperature under constant pressure At higher terapeiatures than 
212“ Fahr the sensible heat mcreases, and the latent heat decreases, but 
the total heat of steam slowly increases 
Transporter. — The Temperley transporter is a light long-armed crane 
which is earned upon an indeiiendent travellmg platform or slmig from 
the yards of vessels, or any other desiiod support Its special function 
is the rapid loading and unloading of light goods, as coal, earth, ore, 
spoil, etc., with rapidity The matenal is lift^ and travers^ along the 
arm in a skip, and dumped m a semi-automatic manner, the dumping 
mechanism coming into operation when the load reac'hes the end of its 
traverse The mechanism is operated by a wmeh, driven by steam, 
electricity, or compressed air 

Trial Bar, or Proof Bar. — A bar of blister steel, withdi awn.from time to 
time through the tap hole of the trough or pot, m order that by inspec- 
tion of its jroneral appearance and h^ture, a correct opinion may be 
formed of me progress of the cementation process 
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Trip Knglnei.— Engines of the CorHss type, and of some pumping-engke 
types, the valves of which are opened by means of short levers instead 
of by eccentrics, as in ordinary engines 

Turning Cylinders, or Slewing Cylinders.— The shorter cyhnders of a 
hydrahhc crane, whose rams cause the crane to slew or turn on its 
centre, as distinguished from the lifting cylinders (q v ). 

Tuyere Box — The air chamber underneath a Bp.sstnur convcitcv (q v in 
Diet ) from which the an nccessaij for the d('c.nl)uii/a 1 ion of tin* nidal 
passes to the tuyere openmgs Sometimes an an b(‘lt (<] v lu Diet ) is 
tenned a tuyere box. 

Two Throw Pump —A doiiblc-bairencd suction pmnp, operated by two 
cranlis It is thuictore not m eipiilibnuin, as is the case with a three 
throw pump. 


u. 

Bndertype Engine — Th.it fonn of m mi-poilnbh engine in which the 
engine is ti\rd on thi* iomidatioii, hi'icMth Ilc' boil- 1 itsilf 

Unit of Section — Any coh\( *111011 ( unit, 01 (ouslaiit (Imiensioi), <.in]>l(»yod 
m estimating tin* aica of a s('< tioii It is usiiallv tin* s(|u.iie iin li, 
sometimes the ciKular imh, 01, 111 the tktuu.il system, the bipiaio 
c uitimetrc. 

Universal Machines — The turn is clucfly applied to cort.nn typos of 
milling ma( bines, emery giiinb'is, and ot gi .11 (iithas, and it sigiiihcs 
that any opeiations m tin* spin ic of milling, gninlmg, and gi*,ii cutting 
ri'spci tucly, that In* within tin (.ipaiity ot tin in. n bun* (.in lx* p<i- 
forined on it Tin* univci^.il milling in. n lime luis its t.ihh' htfed w'lth 
all motions, and a fully c(]ui]^pcd dnnhng In'ad with i b.ingi* gears, so 
that spur, bevel, and wonn winds, ainl wonns, and .dl kinds ot milling 
cutteisean bi’ proihncd on it Tin iiniv(*rsal giindir li.is all inovo- 
ment^(tto eoAcr ever}' r.ingi' of woik, btidlul .nid sjai.il, as wi ‘11 as 
Htr.iiglit The uni\«isiil g» ai < uttnr is adiptid loi all kinds ot gears 
Tlnmu'h the place filled by tin *<(' niadiiin s i^ ,1 i y mijioitunt one, yet 
the})i(M nttiinbin} is low.iids liigli. 1 sj)' ( i.ili'-.it ion, tin* making and 
retaining ain.ubmetoi one 01 two - l.isscs ot o[)(i.itionH only, us spur 
geai cutting alone, bevel gear cutting al<n < , .uul so toith. 

V. 

Valve Bod, or Valve Spindle — The lod to wbnb a slide valve is attachcxl, 
through winch it iM .ictuated iioin tin (((intin oiL(<(ntii(H The rod 
passes thioiiglfca stuffing box m tin steam chest 

Variable Gears — Toothed whirls of vanous out lines, whnh tiansmit 
varying \elofity latios during- the eoursc ot a single revolution The 
outlmcs of their pitili jK'riphoTus may be rei l.ingular, tnaugular, 
elhptie.al, rudely star shaped, etc , eaih dipending upon tlie niunher of 
alterations in spied reqinred in a smgle 1 evolution In square gears 

the pitch penphenes ai c rcctang*ulai , with rounded comers; and there 
are eight changes in speed, foiir maximum and equal, four minimum 
and equal. •The star gears arc modifii at ions of the square gears, the 
diagonals bemg longer, and the sides lorrespoudingly deepened, so that 
the changes in speed are correspondingly greater In tnaugular gears 
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the pitch peripheries are of the outlines of equilateral triangles, with 
rounding comers There are then six variations m speed, three maxi- 
mum and equal, three minimum and equal. These also may be developed 
into triangular star gears. (See also Elliptical G-cars, Scroll Gears, 
Sector Gears.) 

Vents. — The channels, area spaces, etc , by which the air and gas are 
carried away from a mould They may be cylindiical channels, pierced 
with vent wiro^^, or with rods, if straight ; or with ropes, if curved ; or 
they may bo bodies of ashes, betw<'cn the mterspacjes of which the air 
collects as m a rescivoir, to be led away quietly by the vent channels 
In any ca^NC care must be taken that metal docs not get into the vents 
and choke them 

Vertical Boring Mill — A type of ma<hinc which has come into very 
general use in iceent yr.us, appropriating much of the work hitherto 
done on the common and the face lathi's It 13 used for turning as often 
as for boring, and in most of these mai bines both operations can be 
(an led on hit nnliani'i nisi y The work is bolted to, or held m jaws or 
the face -plate or table, the face of wliidi is boiizontal, and is revolved 
by the same, and the tools ari' held m a tool box 01 m a turiet on the 
upright head, or on a crosh-rail that sp.ins two upi ights Such machmci 
cany two t-ools in the largci mzch, thri'o m the largest machiiu's Th( 
capacity of the largi'st ma< bim's is not iiifK qiK'iitly sixteen to thuty feel 
or more in diamotei , and they will turn a depth ot six feet and more. 

Vents, Choking of — "Jins im'.ins that melted imdal gams aci css to the n:ir 
chaiitu'ls 111 a mould <ind by dosing them up, pi events the esca][)0 of 
air Tliis is preveiiti'd 111 mauywa^s In a surface of laige area the 
metal is pn'Miih'd from ('iileiiiig hv mtoi posing a tliin stiatum of sand, 
say of }{-m. or l-iii in tbakuesH, betw(M n the face of tlu' mould and 
the vent op('niiig>, and tlie air is fon ('d thiough tins stratum by the 
pressure in the mould AVIk'io cores abut ag<iinst each other, metal is 
prevented from gt ttiiig botwi^im by a luling of loam, or clay y^atcr, or 
dry sand. Tlus is culled secuiiiig the vents. 

W. 

Walking Crane — A simple lail eiauc (q v m Da t ) 

Walking Pipes — The jointed jiipes that i iii\ \N.iter under pressure to 
portable hydiauhc iivt'tmg m.u limes 

Washing Down — A tei-m uhixI m Noilh Biitum to denote the tluimmg, 
or tap'rmg down of anything, to a feathei edge 

Waste Oases — The gaseous pioducts of (ombustiou, chiefly carbonic 
oxide, carlKUi dioxuh', and iiiaish gas, mixed with imit uitiogen. 
Metallurgists now mm at utihsing tiu' combust ihle gases as mudi as 
possible. Ill lice the us(' ot Lluso-loiiped blast funiaics, and of ugemra- 
tivo funiaces, by nhidi the gi eater portiou of the heat is utilised, 
instead of being dissq)jiU‘d into the atmosplxero 

Water Tube Boilers — These laulers, formerly termed seelional boilei*s, 
liave come into exteiiHive use duniig the bust decade, and much mterest 
has been aroused by them in eouhoqueneo of tlieir mtioduetion m the 
Royal Navy m 1S94 But they are used much more ext^'nsively on the 
Continent and in Amcnea than witli us Hero their development has 
been most rapid in oomiectiou with electnc lighting and power statione. 





Water tube boflers may be classed in two great groups, whyi 

tbe circulation is extremely active, as in the Yarrow and Thornycroit 
types, and others modelled upon the<«e, and those in which the drc^a- 
tion 18 more regular and normal, to which class belongs the Belleville, 
the Babcock and Wilcox, the Niclausse, and others of similar types. 
All the boilers of the first class have small tubes, rarely exceeding from 
1 in. to IJ in in diameter. They are arranged over the furnace hi 
positions which approximate more nearly to the vcrtwal than to tbe 
horizontal— formmg, m fact, with the base of the boiler, a rudely tri- 
angular outlme They arc rapid steam laiseis, but very liable to 
become burnt, and are difficult of repaii In hotuo of thc^e boilers tlio 
tubes pass in a Btr.iif^ht oi ni'aily strambt liiu' fiom ibc water ebambers 
below to the hteam colK'etoi at the apex, but in iiiest tin v pursue a 
cuiwclI or WMved r uiirsi' All the boib is ot the seeeiul elan's have largo 
tubes rauiring to .) m and 4 lu di.ine'ter, luul tiny ue an.inged on a 
slopi' that ajiproadies wathin a few de<»:ues of the luni/outal They do 
not laise steam so lapidlv as those ot tln‘ fast or t'xpiess elapses, but 
they aie less liable to neel npaiis, and tlav no bettia ada})te(i for 
H'gular and stc.ely slt'ammg An impoitant distuuhon betv\een ('eittm 
types of boilers of tbe lalt(‘r (lass is tins in sonn , of wlneh tbo 
BelloMlle IS tin' pnneipid e\]ion(nt, tin* tulx's aie so toniac ted that all 
those 111 a veutn al stnes aie dinx tlv (onins ti d at then ends by jimetion 
boxes, so that cvciy j)<irtiele of steam wdinh is gi'neiated in the lower 
tubes lias to foi ce its way thiongh tbo h'uuths aliovt' befoKut can get 
into tlie btf-nm collector— a haigtli ot fiom 10 to 50 fci t In others, of 
wdiich tlio B ibcock andWihox, iind Nnhiussi ,iie types, tie* tulx's .ill tit 
at til'll ends into boxes, tciined head(*iH Tin* hcjubis eommunieate 
directly wnth the colUctoi’s, so that tin* steam is tlius able to ('scajx) from 
the tubes and pass up into tin* eoll{‘(tor wntlioiit trav(ising the uppcjr 
tubf's at all This diffininc* has an iinjioitant nsult in assisting 
freedAii of ein ulation and h ss(>ning iisk of imiuing tin tubes. 

Weak Sand — The t(*nn is us('d in oj»p(.siiioii to stiong*Hand (q v. in Diet ), 
because it contains no hoi.s* dunn oi < on* sand 
Weld Iron — Wrought non, to di^tinguisli it fiom ingot iron (q v ). 

Wine Bar — A fiic liar winch is the '.utermost of tin s('nes in a Cornish 
or Lancashire boiler In small boikis the (mvutiiio of the lire flue is 
so great that the bars ot unluiaiy (h'pth (uimot be brought sufficiently 
close to the side s to fill up tlm sp.Ki* Heinoin tln'so ( uses shallower 
bars, one on each flank, die employed to till up the space. TIicbc are 
th(‘ wung bars 

Witness, or Witness Line —When in mm Inning work some faint traces 
of the lines maikcd tlieieon, oi some of the ongiiial rough surface of 
the casimg oijoiging is h ft intart and visible, tins is said, m shop par- 
lance, to be left .IS “wiiin.ss,” signifying that tin* woikmau has not 
caiclessly n du< < d below giv( n duiicnsjons, the testimony (d ilie witness 
being' in(iis])utable. Also, m liucd-ont w^oik it is iisn.d to strike a line 
conccntiic with and outside* or inside tin w'oiking Inn , .Kcoidnig to the 
charaetei of the work, and to c(*ntre jxip it. Tins lino, i<*mainiiig aft(T 
ttie machining is done, testifies to the concentric a/;eura(y or otherwise 
of the ma(hine<l work. 

Woodite — A preparation of caoutchouc, named after its inventress, Mrs 
A. M Wood. It IS elastic and flexible, but, uiiiik(5 the natural rubber, 
it does not become sticky, and it resists the actioii of oils and heat. It 
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is made in rariona degreoa of elasticity and of hardness, and is recom- 
mended as a substitute for rubber, leather, and asbestos. It is spongy 
and buoyant, closes up behind n shot, is unaffected by steam, acids, 
nmmoniacal liquor, bilge water It is, tli'^refore, of servuce for washers, 
I rings of pump valves, packing, and other puiqioHos 
Working Freisare. — The proHsure at A\hi(h a boiler is safely worked, aa 
distinguished from the test pressun* (q v ) 

Worm Wheel Hobbing Machines —Mu' hmes in which the teeth of worm 
whei'ls arcj cut by means of a hob which is ih ’ exact countciqiart of the 
worm, but sorrated and hardened to foi m cutting teeth Inst(*ad of the 
worn hob lojuling the wheel round, the latter is rotates! at a speed 
which coiTOsponds exa/*tly with its rotation rchitive to the wonn, so 
that no slip o( curs, and the tooth when finishi'd uic* of lorreet pihih and 
form Tlu'se in.e limes arc laigely a result of the demand for good 
reduction gems for electiio and other driving 
Wrought-iron Pipe — Common welded gas tubing is ii^od for engineers’ 
steam and watci < oimections, for inoleiut<* pnssuns only Foi pres- 
sures uj) k) (50 oi 70 lbs pel indi, and in diam t is up to 2} m or 0 m. 
it is a che.ip and saf(> matciuil F<»r hi«ih r jirtssnu-H jind large dia- 
111 'leis solid di.iwn tube, or eojijicr tube is emplovel Wrought-iioii 
pipe can easily be biMit at a reil heat, its uumu lions easily made with 
te 'H, (dbows, (ioss('s, jind sciewed unions and Hxkets, aul faulty tubes 
seldoiu oi cur, * 


Y. 

Yard OH Lights T .ikmg th as oiii' of tli" bi'st known, ilu' prin- 

ciple IS the \ njxii isalioii ol oil, and if*' eombuslion, and lie* })io Iin tioii o( 
a long ji't ot rtam- uiab i ple^sull' In the WclU light tin lest'rvoiris 
pumped thr<M‘-quHrtei’s full ot oil Then an is jnimpel in until a pres- 
sure gauge shows 20 lbs to the inch This pii'^sui.* diives tlnl^oil up 
steadily to the burner nlmve, wbidi is hist liea1i*d, and tlio oil (iiiui- 
latuig through an aininj’t'in nt ot ht it*il tul>e>, iiuaHy issues, still under 
pressure, from the liori/ontal no//lc of the buiiici, mid being vapor- 
ised, bums with a iiue white light mukiug a rushing noise The 
lamp isfiist heati'd with paiaftin or oil, and burning WMst > is placed m 
a dish iN'iK'atli the jet When the ])r<‘ssun' of the mi dimmishes to 
about 7 lbs , the lamp must be again itiiirgi'd up to 20 lbs Spt'cial oil, 
mfulo fnun esial tur, is sold for Imining in these lainjis But petroleum 
or kerosimo wull also iiiisw'ei 

Yield Point, or Breaking Down Point — That point m the stvi^ssing of 
a material in winch the dtdoimation iia'r* uses \try suddeiily It o. ( urs 
immisbately Iswond tin' ela^itic limit, .ind is markinl a well-dohnod 
and sudden oui\o lu tin* stn'ss-sti.uii di.igram. 


z. 


Z is the symbol oommouly used by eugmeers to signify film modulus of H 
section. 
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MECHANICAL ENGINEERING, ETC. 

THE MECHANICAL HANDLING OF MATERIAL. 

A lieitise on tin H Lmi'iin; of Mat«nil such is (nil (>m I imhi r, iS.C., 

b> Vuioin ail. or in- Xv.ioui tin \luhliiti\ I Of r willi tin V irunih 

^ies..orii us ti 1 I till M uuuul tu.ri of such I'lini ufI D' iliiiy lull> with 
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^ o'.h iL I'l i'- «,) s|) I 1 .Ii , pn }* to (1 l.,r llK oi i \i f 26/0 
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Mill 1)1 lilt (jilt '.'1 / 1 I 1 1 1 n J ! 

H0I5TING MACHINERY. 

An harncnttr^ 'Ircitiscon InciiuJinp itu i h uicnis of ( » uu Cori-.trui tion 
'ini' I)t Si I ipl loll-, of till \ iiious I\pi ot C r ua ^ in I s* lly |oiiiH 
H iKM K, \ M I M 1 , \uinor of F^iinin Maifu',” um oihir Works 
CroNM. wan ..i-, Illu intron'., rrn 'uoiii,. 1 ailini, hi U' s ' i >t h Amt "JIS 
Wit mil ll I 'll I n < 111 III I uk til )1 vv t 1 111 IK* 1 • III 111 1 I I 111* 1 \lr H>)in* r 

lia h 1 1 I 1 , , II v%i* a i \ (/i I I II < 111! w rfc I f 1 1 II < ll' 111 , anil ; a ijn i ly nu ilili* 1 1 to 

nap if 1 r)i I a i u ul ic a 1 aai ii on lu oUicr v - j ni / un it > 

AERIAL OR WIRE-ROPE TRAMWAYS. 

Their Construction and Management By A J Wali Iavlek.A M lost i K 
With &i Iliusiralionfc Crown Bvo, doth 7/0 

Ai eicellent volume in 1 a very g<»o*J « ximisUiou of tla various systriii, of rooc ir insiiilssiou 
in use and |pve& as well n' t a little valuable tnfonn itiou iiMuit their w'lrkin^ rrf.ar an I in aia^t 
men! ^e can safely rti oiumend it as a useful general treatise on the suiaect — 

MODERN Billing machines. 

1 heir Design, Construction, and \V urkiiig \ Ifaiidhook f a Prai tic.il Men 
ind Dnginetruiij; ‘students By J^isi i ji Hok‘fh, A M I M*' 1 , Autlior of 

“ Pattern Making, &.c With 269 lIlu->tralio iv Midiuia vo, i loth 

\Juit I’u(> tOud AV/ 12/0 
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MODERN MACHINE SHOP TOOLS. 

A Practical Treatise describing m every detail the Construction, C^ration 
and Manipulation of both Hand and Machine Tools , being a work of Practical 
Instruction in all Classes of Machine Shop Practice, including Chapters on 
Filing, Fitting and Scraping Surfaces , on Drills, Reamers, Taps and Dies , 
the Lathe and its Tools , Planers, Shapers and their 'look , Milling Machines 
and Cutters, Gear Cutters and Gear Cutting, Drilling Machines and Drill 
Woik, Grinding Machines and their Work, Haidening and lempenng. 
Gearing, Belting, and Transmission Machine! y, Useful J) ita and '1 ables 
By Wii LIAM H Van Di<kvi)ori,M Is hourth Ldition Illustrated by 673 
Engravings Medium 8vo, cloth 21/0 

TOOLS FOR ENGINEERS AND WOODWORKERS. 

Including Modem Instruments of Measurement By Joslph Hornlr, 
AM Inst M L, Author of “Pattern Making," &c Demy 8vo, with 456 
Illustrations Published 9/0 net 

“As an all rcniiiti iirictu il work on tools it 1 niort coinprcln nsive thin any nitli which \\t 
are aeon nntoil, uul wi h ur no doubt it will nitct with the huge me isnre of suceess to whicli its 
iiierils liillj entitle it ' — lA hatma! Jl o> /a 

SUMMAKV 01 (MNIINTS - 1 M K( )1)U( I loN —Gb M KAl Si R\ 1 ^ OP TOOLS —T( K> t 
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1 IMll (lAUl 1 1 - S( Kl VS I IIKI M*. W IKl AN D K I I I K I N(_ 1 ( . \l ( I s — INDICAIOKS, I 1C 

PRACTICAL METAL-TURNINO. 

A Handbook foi Lnginceis, Tcchnicil Stude it , and Amateurs By 
Josi rn lloKNi K, A M 1 Mtch L .Authoi of “Patiein Making," cStC Large 
Cl bvo, cloth, witli 488 llludialioip- [J tisl Published Net Q/Q 

St'MMAKV 01 Com l M S — iN I KODl't 1 ION — Kl 1 AT loNSOl I I KM KV AND M AC HIM 
SIIOI — SI ( 1 IHI lAllIl 1 IS W OKK AND 1 Ot)l S — 1 oKMs AND 1 L Nl ' IONS Ol 1 OOI S 

Kl MAKKson 1 l'KNIN( liN (.1 \1 KAl —SI (.11 1 I KMNi hi I VV I I N t I N 1 K S — CLN 1 KINC 

AM) DKIV IM — Hsi i )1 S 1 1 \D11 s - 1 \ \ M1 1 1 s Ob I t KMM INV Ol V IM 1 1\»-NC.. oU 1 
lOKtlNlKls MvNDKM WoKK— S it 111 WoKk StIloKIlD Al ONI iND— lACL 
n Al b 1 t KMN( - \Nt 1 1 1*1 \ I 1 1 I KMNt - 1 N D1 PI N D1 N 1 ) AW C 1 1 It. 1 S -CoN’Cl N 1 KK , 

llMVlksAl, lottll AND Al 1 1 II D t ID ( Ks - SI ( 1\ INIIKWI W ( )K k — Dkl I 1 I Nl„ 

Ht)KlNe AND Al 1 II D Ol 1 K \ 1 1< )N^ - SI I \ Sl kl W C I I 1 I Ni.s AN 1 ) lUKkll W OkK 

— SI C V J Ml M 11 1 VNl ot's —Silt lAI W Okk — Ml Vst Kl Ml N 1 (1 INDk\( — I OOL 
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THE MECHANICAL ENGINEER S REFERENCE BOOK. 

For Machine and Boiler Construction In Two Parts Part I General 
Engineering Dai a Part II Boiler Construction With 51 Plates and 
numerous Illustrations By Nelson ^oley, MINA Second Edition, 
Revised thioughout and much Enlarged Folio, half bound Net £3 Stt 
PART I — Measures —C iRCUMFHRHNcr s and Arha*?, &c — S(juarbs, Cubes, 
FOURTH POWERS — bgUARB AND CUBE ROOl s —SURFACE OF TUbFS —RECIPROCALS — 

Logarithms — Mensuration —SPECIFIC gravities and weights —Work and 
POWER — Heat — Combusiion — Lxpansion and CoNTRAtrrioN — Lxpansion of 
Gases —Steam —Static I orchs — Gravit ation and att raction — mot ion and 
Computation of Resulting I'orchs —Accumulated Work —Centre and Radius 
OF Gyrat ion —Moment of Inertia —Centre of Oscillation — hlectricity — 
Strength of Maibrials — Llasiicity — Test Shhhis op Metals —Friction — 
Transmission of Power —Flow of Liquids -Flow 01 Gases — Air Pumps, Surface 
Condensers. &c —Speed of steamships —propellers —cutting Tools —Flanges 
—Copper Sheets and tubes —Screws, Nurs Bolt Heads, &c —Various Recipes 
AND Miscellaneous Matter- wtth DIAGRAMS for Valve Gear, Bj lting and 
Ropes, discharge and suction Pipes screw propellers, and copper Pipes. 

PART II -Treating op Power of Boilers — Useful Ratios— Notes on 
Construction — Cylindrical Boiler shells — Circular furnaces. — flat 
PLATES —stays — Girders -Screws — drauuc Tests — Riveting — Boiler 
Setting, Chimneys, and Moumfings -Fuels. Ac —Examples of Boilers and Speeds 
OF Steamships —Nominal and Normal Hokse power- With DIAGRAMS for all 
BOILER Calculations and Drawings of many Varieties of Boilbas. 

“ Mr Full y is well fitted to compile such a work The diagrams arc a great feature of the 
woric It may be stated that Mr Foley hu produced a volume which will undoubtedly fhifil the 
desire of the author and become IndispensaMe to all mechanical engmeers. —Martne Engi$uer, 

** We have carefully examined this work and pronounce it a most excellent refernice book 
for the use of marine engineers .” — youmai q/ A*ntf\tan Soettty q/ Navai Engweers, 



MECHANICAL ENGINEERING, 


3 


THE WORKS* MANAGER’S HANDBOOK. 

Comprising; Modern Rules, Tables, and Data. For Engineers, Millwrights, 
and Boiler Makers , Tool Makers, Machinists, and Meta) Workers ; Iron and 
Brass Founders, &c By W S Hutton, Civil and Mechanical Engineer, 
Author of “The Practical Engincei's Handbook" Sixth Edition, care^lly 
Revised, and Enlarged Medium 8vo, strongly bound . . "1 5/0 

7 hi Author having compiUd RuUs and Data for A is own usi tn a gnat 
varUty of modern engineering work, and having found his notes extremely useful, 
dicidid to pub'ish them — revised to date — believing that a practical work, suited to 
the DAILY REQUIREMENTS OF MODERN ENGINEERS, WOUld bi favourubly recitVid 

'• The author treats every subject from tl»e point of view of one who has collected workshop 
notes for application in workshop practice, rather than from the tlicorelii al or literary aspect The 
volume contains a great deal of that kind ct information which is grined only by practical experience, 
and Is seldom written in books —1 he /'Ux'ineer 

' The volume is an exceeiitngl> useful one. brhnful with engineer s notes memoranda, and 
inks and well worthy of being on ev« ry mechanical engineer’s bookshelf —Mtchanual tVorfd 

STEAM BOILER CONSTRUCTION. 

A Practical Handbook for F^ngineers, Boiler Makers, and Steam Users 
Containing a large Coller tioi. of Rules and Data relating to Recent Practice 
in the Design, Conivti m tion, and WorVing of all Kinds f Stationary, Loco 
motive, aiui Marine Steam lioil^'s Bv Waiikk S Hun on, Civil and 
Mechanical Engineer, Vuthor of “ T he Woiks’ Manager's Handbook," “ The 
Practical Engineers H nidbook," &.c With upwards of 500 Illusiraiions 
Fourth Lduion tarefulK Rexised, ind Enlaigtd MeJiuu. 8vo, ovci 680 pages, 
cloth, strongly bound . 18/0 

JMIt' This Work is issued in continuation of the Senes of Handbooks Wfittt,n 
^ the Author, Viz — “ 1 he Works’ Manager s Handiiook " and “ 1 he Praci ical 
Enginkkr’s Handrook," whuh are so highly appreciated by engineers for the 
practical natuie of thar information , and is consequently written in the same style 
as those wotks 

" One of the licst, If not the liest books on lioilers that has ever been published The Infor 
mation is of the right kind in a simple and accessible form So far as gmer iiioii is concemeU, this 
IS, undoubtcdlj , the standard book on steam practice -~hUctru.al Review 

“ h\eiy detail, both in boiler design and management is clearly Uid licfore the reader The 
volume shows tbit boiler construction has been reduced to the condition of one of the most e act 
scieiiL.es, and such a book is of the utmost value to the/l« cU stitle bngmeer and Works Manager ’’ 
— Marine fn^tneer 

'♦here has long been room for a modem h indbook on ste im boilers there Is not that room 
now, because Mr Hutton has filled it It is a thoroughly pr ictu al book lor those who are occupied 
in the construction, design, selection, or use of boileis —hnf^tneer 

PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop Opieraiions By Joseph G Horner, 
A M I M E 380 pp with 338 Illustrations Crown 8vo, cloth 7/6 

'* This work Is ch incierlst d by that evidence of close acquaintance with workshop methods 
which wiU render the book exceedingly h< eptablc to the practic il hind Wt, hive no hesitation 
In eonuuendmg the work a a service iblc ind practical hondiiouk on a subject which has not 
hitherto re*cei\ed much at cntion Irom those qualiiied to deal with it in a satisfactory manner — 
Mechanical U arid 

A TREATISE ON STEAM BOILERS. 

Their Strength, Construction, and Economical Working By R Wilson, C E 
{■iftti Edition istno, eiotU . 6/0 

"The best tr^Usc that his ever Ixen published on team tKiilcrs —F'neinter 

BOILER AND FACTORY CHIMNEYS. 

Their Draught Power and Stability With a chapter on Lightning Conductors 
By Robkki Wilson, A I C E , Author of “A Treatise on Steam Boilers,’ ’&c 
Crown &V 0 , cloth . . . 3/6 

" A valuable contribution to the literature of scientific building —/He Builder,. 

BOILERMAKER’S ASSISTANT. 

In Drawing, Tempi tung, and Calnilating Boiler Work, &c By J 
CoeKTN%\, Practical Loilcrmake. Lditidby D K Ci akk, C E Seventh 
Edition Crown bvo cloth 2/0 

H ith very great care we have gone through the lioilerin iker s Atsistant md liave to say 
that It has our own unquahhed apjiroval bearcelj 1 j oint has been t nutted —foreman 
Ln^inttr 
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BOILERMAKER’5 READY RECKONER. 

With Exam])ks of Piactical Geometry and Temjdating for the Use of 
Plate rs, Smiths, and Riveters B> John Colki nl\ Edited by D K Clark, 
M Inst C b> CiuvMi 8vo, eloth 4/0 

“A must useful v\uil No wejikmm oi ij)j)iciitie.c sliuuM be \MtliuLit it — Iiofi 7tadt 
Ctxulai 

BOILERMAKER’S READY RECKONER & ASSISTANT. 

With Examples of Praetieal Geometry and Tern plating, for the Use of Platers, 
Smiths, and Riveters By John Courtnfy, Edited by D K Ciark, 
M Inst C h hiflii Edition, 480 pp , with 140 Illustrations Fcap 8vo, half- 
bound 7/0 

7/i/s IPmA ('/ ///f ti<o f^itvious mentioned vohimes, “ Boilm<maker’s 

Assistani,’ and “ Boii j kmam K s Ri ai)\ Rk kum r,” bound togetJiei tn 
One Vohimc 

“ No workm ui ur apprcaiK c should be without this L>OQk — Iron 7 fade Citcular 

STEAM BOILERS. 

1 li( 11 Con ti uction and M uithM nu nt P>y R \k\isikoS(,C T lllnstiated 
C I o\N n 8vo, eloth 1/6 

" A Ilia s ol mluiiii Uiuii -iin ,1 1 ,^ f,,i ln^iiiutis — /'/ / > a;.u II ot k 

THE PRACTICAL ENGINEER’S HANDBOOK. 

Compiising alreatise on Modern Engines and Boilers, Marine, Locomotive, 
and Stationary And containing a large collection of Rules and Practical 
Data relating to Recent Practice in Designing and Constructing all ki^fls of 
Engines, Boilers, and other Engineering work I he whole constituting a com 
prehensive Key to the Boaul of Irade and other Examinations for Certificates 
of Competent y in Modern Mechanical Engineering By Wait kr S Hltton, 
Civil and Mechanical Engineer, Authoi of "Ihc Works Manager’s Handbook 
for Engineers,” &.c With upwaids of 4-10 Illustrations Sixth Edition, 
Revisetl and Enlarged Medium 8vo, ncailj 560 pp , strongly bound 18/0 
7 /hs Work IS destfineU as a companion to the Author's "Works’ 
Manaokk's Handkook " Jt possesses many new and anginal features, and con 
tains, like its ptedeeessoi , a quantity of matter not ongtnally intended for publication 
but collei ted by the A uthor fot hts own use in the construction ot a great va^tfiy of 
Modern Enoinkekini. Work 

7 he infof motion ts given tn a condensed and conase form, and is illustrated by 
upwards of 430 P ngtavin’^s , and comprises a quantity of tabulated matter of great 
value to all engaged tn designing, constructing, or estimating for Engines, Boilers, 
aA<^oiHhR Enoinkekino Work 

"We have kept It ai hand for several weeks reterring to it as (x c aslon arose and we have not 
on a single tteeasiun euiisulted its pagis without findtng the lufonuation of which we were in quest 

* A thori>uv,hlj good pr k lu il )> in>lbook, whh h no engineer can go through without learning 
toiuethlng that will be of service io hlni —Marxnt hn^^xnctr 

"An exirlleiit book of ruftrence for engineers, and a valuable textbook or students of 
engliieenug — Si ots*n*ifi 

"Tills valuable ni imi il embodies the results and exjierieuce ol the leading authorities uti 
tueehanh il iiigiiu eiing — Amoiiwx ArTir 

" The autlior h^^ collei. led togi ther i surjirisliig quantity of rules and practical data and has 
shown much judgment in the stUi turns he h is lua U Then is no doutn that this book is 

one of the most iisvtul of its kind tmbitshei snd will be a very poiniiu cunqiendiuin —hnsytuer 
" K in tss ol inioriu uion set down in simple 1 mg lage and in such a fonif Chat It can ^ easily 
referred to at aM> time Tlu 1 laftrr is uniformly goed ana well i hosen and Is greatly elucidated 
by the illustrations The book will tiiid its way on to n ist enguie< rs shelves, where It will rank as 
cue cl the most useful Imoks of reft rence ~/Va. rtta< 

‘ 1 ull of useful liiioiiiivtloi’ and sliuuld l>c tuuiid on the oriice shelf of all practical engineers " 
~J u itik AltihAfitt 

TEXT-BOOK ON THE 5TEAM ENGINE. 

With a Supplemetu on Gas Enoinks and Part II on Heat Engines By 
T M Goodkvk, M a , Bariisicr-at Law, Professor of Mechanics at the Boyal 
College of Science, London , Author of ‘‘ 1 he Principles of Melanies," " The 
Elements of Mechanism,’ &c t ourteenih Edition Crown 8vaJ cloth . 6/0 

" Professor Goodeve has giv-en us a treatise on the steam engine which will bear comparboo 
with anything written by Huxley or Maxwell, and we can award it no higher praue —Eni^netf 
"Mr t.oodeve s text book is a work of which every young engineer should possess hunself 
—Mtntng y< umal 
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A HANDBOOK ON THE STEAM ENGINE. 

With especial Reference to Small arui Medium-sized Enfjjines For the Use of 
Engine Makers, Mechanical Draughtsmen, f.ngineering Students, and users 
of Steam Power Ry Herman Hakofr, C t Iranslated from the German 
Ninth additions and alterations, by H H P Powi ks, AMICE MIME 
Third Edition, Revised With nearly i,ioo Illustrations Crown 8 vo, 
cloth .Vet 7/6 

'* A perfect encjclopaedia of the steun engine ind Us (Ut ills ami one Mlmh must take a per 
imnent place in English dr iwing oftices tnd wi rkshops — A Fotetnan Pattern maker 

‘ This Is an exci llent boint, and should In. m the hands of >11 who ire intcn stcd In the con 
struction and design of ntediuin sized st itinmiy engines A t ireful stiuiv of Us contents and 

the arrangement of the set tions leads to the conclusion tint there is prob iblj no other book like It 
in this country The volnnie aims at showing the results of prai ticol expi ncnce, and It certainly 
may claim a complete achievement of this uk i —JVatme 

' riiere i in be no (|iitstion is to its \ line W * toniiillv coiniiiend it to ill <.oncerned m the 
design ind construe lion of tlie sic in engine -- IV, hatit, at U o> i i 

THE PORTABLE ENGINE. 

A Practical Manual on its Construction and Management For the use 
of Owners and Users of Steam Engines generally Ky Wiiiiam Dyson 
Wansbrouoh Crown 8 vo, doth 3/6 

• I his Is a work of value to those who use steam imchini ry Should be read by every 

one who has a ste nn engine on i fann or elsewhere — Mark I ane hvfiress 

THE STEAM ENdlNE, 

\ 111 iti t 'll ih( M itli 111 It < il I liMii \ (it, \ I'll Kn 1 ind 1 \ impU s for 
.riinu'lMin \U I l’>\iiiv,< 1 (i..\\ii lo'lo'li 1/6 

THE STEAM ENCUNE. 

l Ol ill! ns{ of In giiPH I - I'l) l)l I \K1)M I L I OW ll O, ( lot il 1/6 

LOCOMOIIVE EN(iINE I)RIVIN(i. 

\ Pi K tic il M itiii il l< >i I iii'iix ( I s 111 t li II < t 1 oroiu'itiv ( 1 lu mi s Hy 
Mb H Af I i\i \ ,or i)‘ , M S 1 1 u ( Il til 1 ditimi ( i ■ * v\ n S \ o, t |< uh, 3/6 . 

doth bond 4/6 

111 (null iMKii 1 < nil, II I III. i,o .1 „ 1 . nb In 'll. pi , 11 il Im< I I'liMi . O Muiio 

Uhn I 111 111 ', I. ’ 111 1 l( I . rl Mill 111 , n- 1 . ,m. ,„^l,. J , , >1 >n> 

THE LOCOMOTIVE ENGINE. 

The Autfjbiography of an Old l/ocomotivc Engine R> Robert Wi-athkr 
burn, M.l M h With Illustrations and Portraits ol Gi orc^k and Robert 
Stephenson Crown &vo, cloth Net QIQ 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

\ Popular Treatise on the Grailual Improvements made in Railway Engines 
between 1803 and 190 J Ry Ci fmknt L Stketton, CE Sixth Edition, 
Revised and Enlarged Crown 8 vo, cloth Net 4/6 

Students of railway history and all who are Interested In the evolution of the mobcni 
hi.omotivc uill hud much to ittr ict and entertain In this volume — The Ttmes 

THE MODEL LOCOMOTIVE ENGINEER, 

1 ireman, Md Engine Roy Comprising a Historical Notice d the Pioneer 
Locomotive Engines and then Inventors Ry Michaki Reynolds* Second 
Edition, with Revised Appendix Crown 8 vo, doth, 3 '6 . dothbi;atds 4/6 
" We should be glad to sec this book in the possession of ever) 'I'u in the kingdom who hu 
ever laid or is to lay hands on a locomotive engi le — Iron 

LOCOMOTIVE ENGINES. 

\ Kudiiinntir> Initi'-c m P*> fi I) l)i\irsi\, ( I. With largf 
\dditions lu .ding of tin Modern i or oiiiuiuf , 1)> I» K ( iakk,M Inst C E 
\\ ith llhisij itiuns C io\Mi bvo, cloiJi 3/0 

‘ A model of v\ h it 111 cl* incut IT) t* < hui. il book 'ihoul 1 1*< - t a it n \ 

CONTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdom, 
their Construction and Performance By M Reynolds 8 vo, doth 9/0 
•• A popular explanation of the duferent brakes It will be of great asslutanco In forming 
public opinion, and will be studied with benefit by those who take an interest in the brake — /ing/trA 
\iechaHtc 
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ENQINE-DRIVINQ LIFE. 

Stirring Adventures and Incidents in the Lives of Locomotive Engine- 
Drivers By Michael Reynolds. Third Edition Crown 8 vo, cloth . 1/6 

“From first to last perfectly fascinating Wilkie Collmss most thrilling conceptions are 
thrown into the shade by true incidents, endless in their variety, related m every page "—’North 
Jhitish MaxL 

STATIONARY ENGINE DRIVING. 

A Prartic.il Manual for Friginters in Charj^i* of Stationary Engines By 
iMifUAif Kmnoids, M si*. Sfvinth l.dition Crov\n 8vo, cloth, 3/6 » 
cloth board-. 4/6 

I Ju mtlioi IS i* tjti unit d ivitli Ills sub|f els iiid li i . prothiccd i in mini \>hich is 

ill cxLCt (iinj^l) list fill OIK lor lilt tliss for wlioiM It IS s)i< t iillj inltiult-d —I tti^Ducnm, 

THE CARE AND MANAGEMENT OF STATIONARY 

ENGINES. 

A Practical Handbook for Men-in-charge By C Horst Crown 8 vo iVtff 1/0 

THE ENGINEMAN’S POCKET COMPANION, 

Vnd Practical Palucator for Engincmen, Boiler Attendants, and Mechanics 
By Michael Rkvnoi ds With 45 Illustrations and numerous Diagrams 
Pifth Edition Royal i 8 mo, strongly bound for pocket wear 3/6 

“ A most meritorious work giving In i succinct md practical form ill the Infonn.ation an 
eiiKiiu* niimlcr desirous of mastering the scientific principles of his daily calling would requiic — 
7hf MtUo 

THE SAFE USE OF STEAM. 

Containing Rules for Unprofessional Steam Users By an Engineer h ighih 
Edition Sewed 6 d. 

“ If steam users would but le«m this little book by heart, boiler explosions would become 
S( iisatlons by their rarity —hn^/tsh Afeihanu 

STEAM AND MACHINERY MANAGEMENT. 

A (lUidi lo tin \i I angf UK III uid Lconoiiiiril Minignniiit of Machiiury, 
wiih Ilintson C onstniction uidSiltclion B> M Pow is Bai t,, M InstMJ'. 

C I o\\ n Svii, ( loth 2/6 

(.uisllii H ml (>1 \Mil( (xpiiKiKt -/A’l./i 

GAS-ENGINES AND PRODUCER-GAS PLANTS. 

Adit itise si tting forth tho Pi iiiciples of Gas iMigiiu s and Producer Design, 
the Stlcciioii mil lust dl.ition of m Lngiiit, Coiuhtioiis of Perfect Operation, 
Pioducei (1.1s 1 Jigiiics and ihcir Possibihtu s, tht Can of Gas Engines and 
iVoduccr (1 IS PI lilts nnh a Ch ipti r on Volatih Il>diocarbon and Oil 
Imii^hus B) K L Maihoi,MI T r inslati d fi 0111 the 1 lench With a 
Pictace by Di c.ai d Ciihk, M Inst C h , ICS Medium 8vo, cloth, 
310 pages, wiih about 150 Illustiations [Just rublishcd Net 12/0 

‘ Aiu work oil tlu < iibicits which be irs the li ill iii irk of Mr niij^ ild Dt rk s ipprov il is 
sure to rtiiuc c m tiil itti ntiou but llu ri tm la hltU doubt about the wlIloiuc tint will be 
lULoukdtoMr M itliot s book lor Its own s ike Mr k U rk itiiiirks 1 know of no w ork which 
has gone so fully into tlu iWtuls ol ^ is tii^uu mst ill vtiuii ind upkic]'’ 1 he autlior deals not 
only w nil tlu ( oiistriK tioii ol tlu 1,1 III uu but iKi, with ill the uci ills of Us installation and the 
CondlUoiis csseiiti d to s itisl leli ij workiii}, — yi’t > /la/ o/ Oin / i /tttu., *r 

GAS AND OIL ENGINE MANAGEMENT. 

A Practical liiiide for I sirs and Vttendants, being Notes on Selection, Con- 
siriKtion, and Man ig* ment By M Pow is I.ai h, M lust C E , M I hleeh E 
Autlun of “ W oodwotking Mai hmtry , vsv Ciow u Svo, eloth AV/ 3/6 

THE GAS-ENGINE HANDBOOK. 

A Manual of Useful Information for the Designer and the Engineer By E W 
RuiihKTs, M E NV ith Bony hull jiage Engravings Small heap 8 vo, leather 

Mt 8/6 

ON GAS ENGINES. 

With Appendix describing a Recent Engine with Tube Igniter. ByT M 
Goodkvb, M a Crown 8 vo, cloth . . 2/8 

“ Elke all Mr Goodeve s writings, the present Is no exception In point o< general excell nee. 
It IS a valuable Uttle volume. —Mukintcai U'orid 
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THE ENQINEER’S YEAR BOOK FOR 1906. 

^Comprising Formula, Rules, Tables, Data and Memoranda in Civil, Mechanical, 
Electrical, Marine and Mine Fngiretnng lly H R Kkmpr. M Inst C E , 
Principal Staft Engineer, Engineer-in Chief’s Office, General Post Office. 
London, Author of “A Handbook of Electrical Testing," “The Electrical 
Engineer’s Pocket-Book," &c With i,ooo Illustrations, specially Engraved 
for the work Crown 8vo, 950 pp , leather [Just Publishtd. 8/0 

" Kcinjn, s Year Book really requires no commendation Its si>licreof usefulness Is widely 
knoiMi, ind It IS used I'y engineers the world our ~ I ne / ni'tMrer 

“The volume Is distinctly In advance of most slaal.'ir publlcdtiuiis In this country 
En/ixneertng 

“ This v.-duable and well designed book of reference meets the demands of all descriptions of 
engineers — Salf 4 ritaj' Rtv^nv 

“Teoriis with up to date Information hv every branch of engineering and construction"— 
Buildxng j\rws 

‘The needs of the englnei ring profession could liardiy t>c supplied In a more admirable, 
complete and convenient form To say that it more than sustains all comparisons Is praise Of the 
highest sort, and that maj justly be said of It —Aftntn^^ Journal 


THE MECHANICAL ENGINEER’S POCKET-BOOK. 

Comprising Tables, Formulae, Rules, and Data A Handy Book of Reference 
for Daily Use in Engineering Practice By D Kinnkar Ci ark, M Inst C E , 
Fifth iLdition, thoroughly Revised and Enlarged B> H H P Powlks, 
A M Inst C E , M I M E. Small 8vo, 700 pp , Leather . Nei 0/0 

Si MMAK\ OFCONTRNIS —MATHEMATICAL TAELH'? — MEASUREMENT OF blJRFACKS 
AN14 SOI IDS — LNC I ISH WhK HIS AND MPASURFS — 1 RRN( H MKIKIC WEIGHTS AND 
MFASUKI S — boKEK N ^\H(.H1S AM> Mb ASUKFS —MONEYS —SPECIFIC GRAVITY, 
Weight and volume — Manufactukhd Mrtais— sifei Pipes — Bolis and Nuts — 
SUNDRY ARTICIFS IN WROUGHT AND CAST IKON, COPPFR, BRASS, LEAD, TIN, ZiNC — 
STRLNnH OF Mat I RIALS — ST RKNGT H OF TIMBER — STRUNG I H OF CAST IRON — 
STRENGTH OF W ROUGHT IRON — Si KFNC TH OF Si FPL —1 ENSIl R Si RRN( TH OF COPPER, 

Lead Ac —Resistance of sionfs and oihfr Building Maikkials — RiVErHi) Joints 
IN BOILER PLATES —Boiler Shells- Wire Ropes and Hemp ropes— Chains and 
Chain CABLES —I kaming -Hardness of Metals, Ai lovs, and Stones —I ahour of 
ANIMAI S — MLCHANICAL PRINCIPLES — f.RAVIT Y AND J AI L OP BODIES — ACCFI HRAT iNG 
AND Retarding i oroj^ —Mill (rFAKiNG, Shafting &c -transmission of Mouve 
Power —Hlat -combustion Fidels —Warming, Ventilation, cooking siovhs — 

STEAM —STFAM F-NGINFS AND BOII I RS — KAIL WAV S - TKAMVV A\ S — S I HAM SHIPS — 
PUMI%>IG STEAM LN< INFS AND PUMPS —COAL GAS (,AS ENGINES, iVl — AIR IN MOTION 

—Compressed air —Hot aik Fni infs—Waibr Power —Speed of cutting Tools 
—COLOURS —Elec 1 RK AL Engineering 

"Mr Clark manifests what Is an Innalc perception of what Is likely to lie useful In a pocket 
took and he Ls vtally unitralled in the art of < oiultnsation It is very dilhcult to hit upon any 
mecnamcal engineering subject concerning which this work supplies no information, and the 
excellent index at the cud adds to Its utility In one word, it is an exceedingly handy and efficient 
tool, possessed of which the tngineer wiu lx saved m<my a weansome calculation or yet more 
wearcsome hum through vinous text books and treatises, and, as such, we can heartily rocommend 
It to our reiders — l/u /tm truer 

'It would ‘)C found difhcult to con press more miner within a stiulhir compass, or product a 
bxik of 700 pages which should t>e more lompact or iiveni».m for pocket reicrencc , Will 
be appreciated by mot Innicil engineers of all classes - / I n DUtr 

PRACTICAL MECHANICS’ WORKSHOP COMPANION. 

Comprising a great variety of the most useful Rules and Formulas in Mechanical 
Science, i^ith numerous 1 ablcs of Practical Data and Calculated Results for 
Facilitating Mechanical Operations By William Ifmflkion, Author of 
“ The Engineer's Practical Assistant,” &c , &c Kighteenth Edition, Revised, 
Modernised, and considerably Enlarged by W S Hutton, C E , Author of 
“The Works’ Manager’s Handbook," &c Fcap 8vo, nearly 500 pp , with 
8 Plates and upwards of 250 Diagrams, le alter . . 0/0 

• In its modernised form Hutton s ‘ 1 empieton should have a wide sale for it contaias mccji 
valuable information which tlie mechanic will ofltn hnd of use, and not a few taljlos and notes which 
he might look for in vain in other works This modernised edition will l^e appreciated by all who 
have learned to value the unginai editions of Templeton — Ln/fitih Mechanic 

" It has met with great success in the ciigiueenng workshop, and there irc i great many men 
who, in a gre« measure, owe their nse in life to this little book ’ — Butldtns News 

“ This fainihar text book is of essential service to the e\ery day requirements of engineers, 
millwrights, and the various trades connected with engineering and building The new mooemised 
edition is worth its weight in gold —Butldtng News (Second Notice ) 

" This well-)known and largely used book contains information, brought up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh information has been inUoduced os 
t:> coostftute it practically a new \)ook,” — X echamcal World. 
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ENGINEER’S AND MILLWRIGHT’S ASSISTANT. 

A Collection of Useful Tables, Rules, and Data By William Tempi^tcn 
Eighth Edition, with Additions i8mo, cloth . . 2/6 

“Occupies a foremost place among; books of this kind A more suitable present to an 
apprentice to any of the mechanical trades could not possibly be made "—Building News 

“A deservedly ptipular work. It should be in the ‘drawer of every mechanic / n^hsh 
Mechanic 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITECTS, BUILDERS, &c. 

Selected and Arranged by Francis Smith Seventh Edition, Revised, including 
Electrical 1 a BL ics, FoRMUiAi, and Memoranda Waistcoat -pocket size, 
limp leather . "l/S 

" It would perhaps, be as difficult to make a small pocket book selection of notes and formulae 
to suit ALL euKinccrs as it would be to make a universal medirine, but Mr Smiths waistcoat 
pocket collection may be looki d upon as a successful attempt — bngtn'ei 

“ The best example wt have ever seen of 270 pajjes of useful matter packed Into the dimen 
•ions of a card case — huildint; Nenvs " A veritable pocket treasury of knowledg[e ’ — Iron 

THE MECHANICAL ENQINEER'S COMPANION. 

Of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres 
squares, cubes, roots, &c , Strength of Bolls, Weight of Iron, &c , Weights, 
Mfasures, anu other Data Also Practical Rules for Engine Proportions By 
R Edwards, M Inst C E I* cap 8vo, cloth 3/8 

“A very useful litlle voluiiir It contains many tables clissihtd data and memoranda 
generally useful to engineers — Ln^tneei 

* W 1> it n pinfi SSI to b< *1 hand) ohi> t i oiiip inion ’ gu in^ in i m i iiu t form a v u lely of 
Inform itioii liki ly p) 1 ii ri'iuindbj iiiccli mn ilciigimcr 111 tin in \cr j d i\ oIIilc work — Aafcrc 

MECHANICAL ENGINEERING TERMS 

(Lockwoc.d’s Diilionary of) Embracing those current in the Drawing Office, 
Pattern Shop, honndry, hilling, Turning, Smiths , and lioilei Shops, &c Com 
jirDiiig upwards of 6 ooo Definitions Etliied b) J G Horner, A M 1 M E 
Hurd h dition, Revised, Miih Additions Crown 8vo, cloib ah 7/6 

“ }i'st the sort of h iiuly dn tioii try r<«{utr( d by tin various trades engiged in nicchanh al cn 

fi uecrlllg 1 h< pr u tic il eiiginci ring pupil will Imd the book of great value in his studies and every 
reman engineer uul intch uii>- should h ivc a copy — Buttdtnj^ JVru’i 

POCKET (ILOSSARY OF TECHNICAL TERMS. 

English I’ tench, French F nghsh , with Tables suitable for the Architectural, 
Fngimtniig, u taring, and Nautical Professions By John James 

Flkichfk 1 otnth Edition, 200 pp Waistcoat pocket size, limp leather 1/6 

“ It Is a very gre it aclv image for readers and correspondents In Trance and biigland to have 
so large a number of the words relating to cngiiuermg and manufactures collected in a liUputian 
rol line The little book will lie useful both to students and travellers —At chtUci 

" The glossary of terms is very cmiiplcte, and many of the Tables are new and well arranged 
M s '"oidi i 1 y coinmend the book — Mu hann a! I! < 

IRON AND STEEL. 

A Work for the Foige Foundry, Factory, and Office Containing ready, 
useful, and irustworthy Information lor Ironmasters and their Stock -takers , 
Managers of Bar, Kail, Plate, and Sheet Rolling Mills, Iron and Metal 
Founders, Iron Ship and Bridge Builders, Mechanical, Mining, and Con 
suiting Engineers , Xrchiiects, Contractors, Builders, &.C By Charles Hoars, 
Author of “ 1 he Slide Rule,” &c Ninth Edition ^amo, leather 6/0 

WORKMAN’S MANUAL OF ENGINEERING DRAWING. 

B) John Mamun, liwiiuctoi in Inguuning Ibawing, Roy il Na\dl 
C olU gt , Cue enw ich ugluh 1 duion joo Plates and i )iagrams Crownbvo, 
cleilh . 3/6 

“A t ('])V ('f it slii'iilil Ik k( ])* loi u fi ti iiLi 111 c\ ery di ivi uif. etlue — / ; ^ tnci n> 

PATTERN MAKING. 

Embracing the Mam Ijmes o! Engineering Construction and including 
Gearing, Engine Work, Sheaves and Pulleys, Pipes and Columns, Screws, 
Machine PartSj Pumps and Cocks, the Moulding of Patterns ip Loam and 
Greensand, Weight of Castings, ByJ G Horner, A M I M E Third 
Edition, Enlarged With 486 Illustrations Crown 8vo, cloth IVcl 7/6 
A well written technical guide, evidently written by a man who understands and has prac 
lised what ho has written about We coraially' recommend it to engineering students, young 

jriiirii“ymen and others desirous of being initiated into the mysteries of pattern m^mg ’ — Builder 
“All excellent trade mecum for the apprentice who desires to become master of bis trade. 
—Fngltsk Merhantc 
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PRACTICAL PATTERN-MAKING. 

A Practical Work on the Art of Making Patterns for Fngmeenng and Foundiy 
^ork, including (among other matter) Materials and ^’'ools, Wood Patterns, 
Metal Pitterns, Pattern Shop Mathematics, ( ost, C\re, 6lc , of Patterns By 
F W Barrows t ully Illustrated b} f ngr wings in ide from Spot i d 1 )r iwmgs 
by the Autlioi C'lown 8vo, cloth ! usi Puhlnht li A't/S/O 

SMITHY AND FORGE. 

Including tho Farner’s Art and Coach Smithing B) W J E CKAN^ 

C rown 8vo, cloth 2/6 

“ riu first luixh rn I n^hsli Ixn 1 on tl'< siil'nit ( n it puns lim In (.n Ix towid lij llic 

dutlior njion tin book , sliot in^ snutlis will timl it Uoili usttnl iiul inli i< tiii^ 

TOOTHED GEARING. 

A Practical Handbook for Offu es and Workshops By J Horner, A M I M K 
Second Edition, with i mw Chiptti on Recent Pi i^tice With 184 IlUistra 
tions Crown 8vo, clotb 6/0 

" We give tne book our unuudhhed pr ilse for its Ihoroughuess of treatment nnd recommend 

It to all interested as the most pncticol book on the subject yet written — MtUianvcal H orla 

MODERN WORKSHOP PRACTICE, 

As aiiplu d to ISIaiiui, I ind, and 1 ocoipotivi Pngnus, Moiling Docks, 
Dredging Macliim s, Bndgts, Shiplniildmg, Ac IB I (1 Win ion J oiiith 
Ldilion, lllustr itcd ( 1 00 11 < \ o, t loth 3/6 

\\ In tin. 1 lor ill! ippuntKi dt l. nn n d to in i l< r In pt iti ion (nfoitln iiti iiilxit 
uj’on r iiMiig Inin (11 to 1 he In 1 p" it ion tin i h 11 U wiiU* 11 in 1 jn 11 In d 11 iti i vmII In i . ri it 
li, Ip •-S- ( lo 

DETAILS or- MACHINF-RY. 

C onipi ising In-ti nctio’i fill llu Ixituiionol \ ii loii Woik in lion in tin 
I itting Shoji, loiindiN, and Jkoh 1 ^iid J>> C ami in, C 1' 

t low n .S\ u, cloth 3/0 

\ souii 1 ind ]ii u liL tl Ii indb > >1 foi ill in 1 < d 11 I'n « n im i iin li nh - / n ,tiii 

II >} / 

ENOINEERINQ ESTIAIATES, COSTS, AND ACCOUNTS. 

^Giiide to Cinniiiercial I'ngineci’ng With numt nms examples of Estimatei 
and Costs of Millwright Work, Misrcll iiuons ihoduciions, Suam h.ngines and 
Strain Boilf'fs , and a Set non on the Prepirition of Costs Accounts By 
AGenlkai Manac.lk Second Edition Svo, c'oth 12/0 

" This is ,m excellent and ycr> useful book covering siibjeit m itter In constant requisition Id 
rverv factory and worxshop The book is invaluable, not only to the young engineer, but 

also to he estimate deji iriment of every works — huilier 

We accord the work unqualih* d praise The liuonnation is given In a plain, stralghtforw ird 
in inner, and bears '^liroiigliout evidence of tne Inlima'e jiraetlcal acquaintance of the author with 
every pli i ,e of commern^ eniflnoering Mrch jnxtal h oj td 

MECHANICAL ENGINEERING. 

Comprising Mitallmqv, Moulding, PidiuR, 1 urging, J ools, Woilv liop 
Machiucrs , Ml ch line .1 Alampi 1 iMon, Mmulictmt of tlu Sl< 1111 I ugiin , 
Ac B> 1 kancis C Vviiin,C I J hird J ditioii C lown .S\o, cloth 2/6 

A .:,(jinKl Old si rviee d'le U \t '> >< • <jii n nji to 1 iti ! ,tt u 1 \( i \ 

LATHE-WtfRK. 

A Practical 1 realise on the Tools, Appliances, and Processes employed in 
the Art of lurnme B\ Paui N Hasluck h igliili I' diiion Crown Svo, 
cloth 6/0 

" W ritten by a man who knows not oiilj how work ought to iKi done, but who also knows how 
do It and how to convey his knowledge to utlicrs To aU turners this book wouUl be valuable — - 
^f^neerxnx’^ 

"We can safely recommend tiie work to voung ervdneers To the amateur It will simply L'C 
invaluable To the student it will convey a great leal ot useful liifonjiatlon ~ J n hud 
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SCREW-THREADS, 

And Methods of Producing Them With numerous Tables and complete 
Directions for using Screw-Cutting Lathes By Paul N Hasluck, Author 
of “ Lathe- Work,” &c Sixth Edition Waistcoat-pocket size . . 1/8 

•• Pull of useful Information, hints and practical criticism Taps, dies, and screwing tools 
r illy are illustrated and their action described "—Mechanical H arid 

CONDENSED MECHANICS. 

A Selection of Formulae, Rules, Tables, and Data for the Use of Engineering 
Students, &c By W G C Hughfs, AMICE Crown 8vo, cloth . 2/6 

*' The book Is well fitted for those who are preparing for examination and wish to refresh 
Ihf ir knowledge 1 y going through their formulae again "—Manjie Ln^’tuecr 

MECHANICS OF AIR MACHINERY. 

Piy IIr J Wfisiach and Prdi G Herrmann Authon/ed Translation 
with an Appendix on American Practice by A T row I’kiutiK, Ph B , Adjunct 
Professor of Mechanical b iiginceung, Columbia Univcisity Royal 8 yo, cloth 

[Just Puhlisthed Net 1 8/0 

PRACTICAL MECHANISM, 

And Macliint Tools liy T Baki r, C E With Remarks on Tools and 
M.iclnntiy by J N asm van, C E Crown 8vo, cloth 2/6 

MECHANICS. 

B( ing a roncist l"\posi(ion of the G( nt ral Pi incijib s of M( chamcal Science 
and thill Applicition^ By C Pomi inson, IKS Ciown 8vo, cloth 1/6 

FUELS; SOLID, LIQUID, AND GASEOUS. 

1 111 n ^nal^sls ind \ dn ition bor tin nsc of t h( mists andl’nigini t rs By 

H i Pim I I! s, 1 C S , loi iiK 1 1> An dy tic il and t onsnltmg C ht mist to the 

fill It L isi' 1 11 K ulw 1 ) 1 laii ih 1 dition Ci ow n 8\ o, cloth 2/0 

‘ Id It u< Its 1 1 u c m ll,< 1 il>.ii i it\ of » \ 1 1 y UK I illurgii il t st iMisluiu lit, aii'l iilicre 

ivur fuel 1 u ( d lui I 1 iiv,i < lit - ( h fumi/ Ni ”< r 

FUEL, ITS COMBUSTION AND ECONOMY. 

C oiisisiinp of in \bndgnu nt of \ lu itisi on the Combustion of Coal 
iiul ilu JhiMiitioiiof Sinoki ” B> ( W W n I ia\is, \ Inst C E With 
iNtiiisivi \d(litions by 1) KitM \h Ci \kk, M Inst C E Fourth Edition 
C ro\Mi 8\ o, cloih 3/6 

St mil ills should 1)u\ tlm book iiid i» id it is one of tin most toiiipkte tiul s ilisf Ktory 
trt itisi oil till (oiidiu lion iiul 1 1 oiiomy of lui 1 to In li id —J n^trutt 

STEAM AND THE STEAM ENGINE, 

Slalionaty .ind I’oiiabli Bt ing in bxttnsion ot tin Fn itise on the 
St( im 1 ngim of Mi J Si w n i By I). Iv Ciark.C E bourth Edition 
k row II 8vo, cloth 3/6 

“Iviry i cull il ]i ui ot Ilu s ibi< (.t is trt iti d ot luiiuhIi ntly «ul in a popul ir sty le —Iron 

PUMPS AND PUMPING. 

A Handbook for Pump Users Being Notes on Selection, Construction, ai d 
Management By M Powis Baijd, M Inst C E , M I Mecb E Fourth 
Ediiion Crown 3vo, cloth . . . 3/6 

“The nnttcr Is set f nth as lonclsely as possible In fact, condensation rather than diffuse 
ness has l>een the autlior s -uin throughout yet he does not seem to have omitftd anything Ukeiy to 
t>c of use —yontH.ti i / Uas I ti<hi 

“ riu rouy.hly iirictu d uid i 't irly m ntten — (.la^t^orv I/o a,<z 

REFRIGERATION, COLD STORAGE, & ICE-MAKING: 

\ Practical Jicuise on ibe Vrt and SciCnce of Refrigeration By A J 
Wali IS- 1 Av LKK, A M Inst C b , Author of “ Refrigerating and Ice-Making 
Machinery ’ boij pp , with 300 Illustrations Medium 8vo, cloth Net '\ S /0 
‘Tne author his to be comirilnli cJ on the completion and production of such an nnpor 
t lilt work .uui it 1 uinot 1 ul to li.ivc i 1 »rge body ot it ulers, for it leaves out nothing that would in 
iny w ly be of \ due to those inter* stcil lu Ihe sulijtct ’ — SUamshtf 

No one whose ilutv it is to handle the nriininoth preserving installations <ff these latter days 
c in aiiurd to be without this %alual>lt book — Herald 

THE POCKET BOOK OF REFRIGERATION AND ICE- 

MAKINO. 

By A J Walhs-Tayler, A M Inst C E Author of “ Refngeratmg and Ice- 
making Machinery,” &c. Ihurd Ediuon, Enlarged. Crown 8vo, cloth Ntt 3/6 
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REFRIQERATINQ & ICE-MAKING MACHINERY. 

^ A Descr.pt.ve Treat.se for the Use of Person. 

4Lnd Ice-Making Installations, and others. By A. J. W ALLIS- 
\ M Inst C E Third Edition, Enlarged Crown Svo, cloth . . 7/0 

“ Practical, explicit, and profusely illustrated "—Glasgow Herald, . ^ ^ ^ ^ 

'• We recommend the book, which gives the cost of various systems and fllustranons SllOWlll£ 
details of parts of machinery and general arrangements of complete installations ' —Builder 

“ May be recommended as a useful description of the machinery, the processes, and of the 
facts, figures, and tabulated physics of refrigerating '-Engineer 


BLAST FURNACE CALCULATIONS AND TABLES FOR 

FURNACE MANAiJbRS AND ENGINEERS. 

Con^alnlnf^ Rules and I'oiimla foi binding the Dimensions and Output 
C ip icity of am hiirnacf , as \\ 1 11 as th( n gn/ar Outfit of Sto\<s, Heating^ 
Surface, Volunu of Air, 1 nyne Xua, Ac, pci ton of lion per d ly of 24 
luiuis RyJonsiL Suvr-isoN T c ip b\o [ / u Put ns/u d A 5/O 


MOTOR VEHICLES FOR BUSINESS PURPOSES. 

A Pi icticil H nidbook foi those intt t ( st( ni the liin-poitot P isst ngers 
and Croods \ ] W ai 1 is Tam 1 r, \ M Inst C h \V ith i , j Illustra 

tions Dc my b\f), cloth [J I uhlnlud' ArfQ/O 


MOTOR CARS FOR COMMON ROADS. 

By A J Wali IS Tayi KK, A M Inst C E 212 pp , with 76 Illustrations 
Crown 8vo, cloth 4/6 

\ work that at engineer thinking of turning his Tttfiitum to motor carrugc work would 
do well to read as a prclmun iry to starimg opcrnti*>iis — 

AERIAL NAVIGATION. 

\ Prat tic, il 1 1 andoc'ok on the Constructu>n t)f Dingi'ile P> illoons, A< lOstats, 
Aeroplanes, inci Xcroiiiotors Bj Fredikick W m kfk, CF , Associate 
Member of the Aeronautic In*iiiule With 104 Illustrations l.arge Crown 
Svo, cloth Af/ 7/6 


STONE-WORKING MACHINERY. 

A Manu.il dealing with the Rapid and F^cor oriieal Conversion of Stone Witl 
Hints on the Airangeinenl ai.ti M.inagenieni of blone Works By M Powis* 
^Ai F, M Inst C Ic Crown Svo, cloth g/Q 

' Should be In the h mtpi of every mason or siudcnt of ston* work —ioiu)\ ( ii,ti luin 


FIRES, FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of i* irc F nginrs, then Co'isirui,lioa, iJse and Management 
Hints on Fire Brigades, &c By’ t FI \ OUN^, C E 3 \o, cloii , 4.8, 

CRANES, 

The C oiisti iietK 11 of, and otln r Maf hint ry b 1 Ru'-nu Hi i% y Bodies lor tin 
Lrcciion ol Ihnlding-, JB 1 (.iijih,! RS ( 1 ovmi hvo, cloth 1/6 


CIVIL ENGINEERING, SURVEYING, ETC. 


PIONEER •IRRIQATION. 

A Maiiu d of Information foi 1 arniers in the Colonies liy F O Mawson, 
M Inst C F , Fxecutnc F.nginetr, Public Worl- s I >e{).n tine nt, P>oiriba> With 

( liapter. on Li,.,ht Railw lys by F . R C ai ihi op, M Inst.C F2 , M I M F,. 

With Plates and Diigiains D> niy Svo, cloth. Act 10/6 

Sl'MMAKY 01 Con ri M S - V''AI I'F 01 IKIKAIION ANO Sot'PCFS Ol WaTRK 
SCO 1 1 1 —Da MS AM> vy I IKS —Cana I s — l ndpj . kcm m> W a i fk — Mi i lions 01 Ikri 

C Al ION —SI u A( 1 IKKU AlION — IMI I I lAL AI'KIMAI IC SI1|(,I' t.AlI .-lUF CUIIl 

\AlIoNtJh iKKIi A IFI) CFOI VH( ! 1 Al I I S AND IKIII IKIIS— JlC.lU RAILWAYS 
FOKIIIAVV I KAl 1 1C - L SI M I Ml .Mc^K ANOA AND I>A 1 A 

THE RECLAMATION OF LAND FROM TIDAL WATERS. 

A Handbook for Engineers, Landed Proprietors, and others interested in Works 
of Reclamation By A. Beazrlbv, M Inst C E Svo, cloth Net 10/6 

“ The book show^ in a concise way what has to be done in reclaiming land from the sea, and 
the best way of doing it The work contains a great deal of practical and useful information which 
cannot tail to be of service to engineers entrusted with the enclosure of salt marshes, and to lard- 
owners intending to reclaim land from the sea. ’-The Engineer 
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THE WATER SUPPLY OF TOWNS AND THE CON- 

STRUCTION OP WATER-WORKS. 

A Practical Treatise for the Use of Engineers and Students of Engin9krmg 
By W K Burton, A M Inst.C E , Consulting Engineer to the Tokyo 
Water-works Second Edition Revised and Extended With numerous 
Plates and Illustrations Super-royal 8vo, buckram . . . 26/0 

I INTRODUCTORY — II DIFFERENT QUALITIES OF WATER — III QUANTITY OF 
Water to be providfd —IV on Ascertaining whether a Proposed Source of 

SUPPLY is SUFUCIENT —V ON ESTIMATING THE STORAGE CAPACITY REQUIRED 
TO BE PROVIDFD —VI CLASSIFICATION OF WATER WORKS —VII IMPOUNDING RESBR 
voiRS— VIII Parthwork Dams— IX Masonry Dams — X The Plrification of 
WATER- XI Seiji iNG Rfsfkvoirs — XII Sand Filtrat ion —XIII Purification 
of Water by i ion of iron Softening of waier by Action of Lime Natural 
Filtration — XIV service or clean Water Kfshrvoirs— watfr Towers— Stand 
PIPES —XV The Connection of Settling Reservoirs, Filter Beds and Service 
Reservoirs —XVI pumping Machinery —XVII Flow of Water in Conduits— 
PIPES AND open CHANNFl S — XVIII DISTRIBUTION SYSTEMS— XIX SPFCIAI PRO 
VISIONS FOR THE 1 X 1 INCT ION OF FIRE —XX PIPE-. FOR W^ATER WORKS —XXI PRB 
VENT ION OF Was IF OF WATER— XXII VARIOUS APPLIANCES USED IN CONNECTION 
WITH Wat er works 

appendix 1 By PPOF JOHN MILNE, F R S —CONSIDERATIONS CONCERNING THE 
PROBABLE Effects of I akthquakfs on Waterworks, and the special Prb 
CAUTIONS TO BE lAKHN IN LARIHQUAKE COUNTRIES 

APPENDIX II By JOHN DL RIJKt,, C E — ON Sand DUNES AND DUNE SAND AS 
A Source of Waihr Sueiit 

" The clupter upon filtration ofwitcr I*, very complete and the details of construction well 
illustrated I Ik work shoiihl t>c spci ully vHhnbh to civil enf^jineers engagred m work in 

Japan but the Interest is by no me ins conhned to tint locality — /•m^tueer 

" W e conyiratiilate the author upon the jiractic tl t onuiionsense shown In the preparation of 
this work 1 he pi iti s ind ai «t;rams hive evulrnth been prep ircd with J^reat care and 

cannot fail to be of prt it assist nice to the student — hundtf 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By WiiiiAM Humrfr, A M Inst C E , and M Inst M E , Author of “Cast 
and Wrought Iron Bridyi Constnu tion,” , &c Illustrated with «;o Double 
Pities, I Single PI ite, Cc>lcmt<d !• loiitispiece, and upwards of 250 Wo<xicuts, 
and connininp 4 Ck) pp of Itxt Imp 4to, eltyj inllj' and substantially 
half bound in morocco AV/ £6 6s 

1 ISl 01 (OMINIS 1 Hist rical Sketc H of some oe t he mfans t ha i have 

BHBNADOPIED EOK I HE SUPPIY OE WATER TO CIT’ES AND TOWNS— II W \TK C AND 
THE FOKEK N Mai I KR USUAl I % ASSO< lAT ED WITH I r — HI RaINI AI I ANDEVAPOKA 
TION— 1\ spRiNus and tub Water HUARiNi Formations oe various Districis 
—V MHASURKMENT AN.' 1 SI IMA I ION OH 1 HH I I OW OE WAT HR —VI ON 1 HE SEI ECTION 
OF THE SOURC K OE sun I y —VII WFLIS— VJIl RFsHRX'OIRs —IX THE PU RIE IC AT ION 
OF Watfr— X Pumps— XI Pi^munv MAcHiNHKy — Xll ( ondui ts — Xiil Distkifl 

T ION OE WATFR — XIV MBTEKS SERVKEPIPFs AND HOUSF FmiNt^— XV THE 1 AW 
AND E( ONOM\ OF NV AT H R W uRK". — X VI CONSTANT AND INIERMITTHNT SUPPLY — 
XVII DESCRIPI ION OE Fl A I ES — API 1 NDICES C I\ INC TABI ES Of RATES OE SUPPLY, 

Velocities. &c , &c toi.riher with spec ieications oe sf\hral W'orks illus 

T RATED among WHICH WILL HR FOUND ABERDBRN, BiDM'ORD, CANTERBURY, 

Dundee, Halifax I^mei th, Rotherham Dublin andouiers 

“ The most systematic and valuable work upon water supply hitherto produced In English, or 
11 ' any other language Mr Humbtrs work Is characterised almost throughout by an 
exhaustiveness much more distinctive of I rench and German than of English technical treatises.” 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water 
works for small Country Districts By At LAN GkEKNWti L, A M Inst C K , 
and W T Curky, A M lust C E ,F G S With Illustrations Second Edition, 
Resised Crown Svo, cloth » 6/0 

" yv e conscientlouslv recommend it as a very useful book for those concerned in ubtaltung 
water for small districts, giving a great deal of practical information in a small compass. — Butlder 
'• The volume cuiitams valuable Information uixin all matters connected with water supply 
It is full of details on pomis which are continually be lore water works engineers. — Aorwr*. 


WATER ENGINEERING. 

A Practical Tieatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes. 
ByCHAKLKS Slagg, A M Inst C £ Second Edition Crown Svo, cloth 7/6 
" Af a small practical treatise on the water snpply of towns, and on some applictloas of water 
power, the work is in many respects ezc'eUeat.' —7 
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WATER WORKS, FOR THE SUPPLY OF CITIES AND 

TOWNS. 

With a Dc^cnptioii of the Piincipil Gcoloi’ical l^onnations of I'iij,Mancl as 
^ifiu( nciiiK Supplu of \\ aicr h} S\Mi m Ih t.iii s Ciow n 8 s o, cloth 4/0 

I\cr\iiiu wlvii (It 1) Iiow mU town oititv 1» ili l>t ^lUntitnUN siippUt tl wUh 

l>ittc Ucr shdul ' ri ul b itik - \ ^ i < u i t i /a/ ' 

POWER OF WATER. 

As apphul to liuvt Hoi.i Mill--, iiullOf^ist iiiothMi to I iul)in('>, and othor 
llstlio-titic 1 mtuu H\ J >->1 I n tiissN, 1 KS, cSl Ni w I'dition 
l!lu-.tiatt tl ( I o\\ n 8\ o, cloth 2/0 

WELLS AND WELL-SINKING. 

li\ J (j S\s iM)i j I , \ K I It \ , and G R IU'knlii, C E Revised 
1 ditien Cl o\\ n h\ o, ( loth 2/0 

Si (lid pt it I K (1 mflinn I lo ^ itit n in i t niu i-.' iiul lu i 1 t \ It I lit n I, i in lu rccoiu 
intiultd 1-1 ilLxlbdiil 'or illiir\i) i utliilci.ls \(. — /o <>’ ii ( iUi /tuiU^Ai uii 

HYDRAULIC POWER ENGINEERING. 

A Practical Manual on the Concentration and Transmission of Power by 
H\drauhc Machiner\ by G Croydon Marks, A M Inst C E Setond 
Lduion, J iil.irgcd, with iboiit ^ 4 t) Illustrations 8vo, clotn 

\Just PubliiyhtJ Net 10/6 

St MM(\K\ Ol (.OMIMS -PKINCII’LH-^ i >1- Hydraui ICs — Thk Plow OK Waikk — 
HYURAUI Ic PKl ssirKbS — MAI HKIAI —Thsl I OAI) — PA( KINt.S KC)K SI IDINC SORFACHS 

—Pu p JoiM s —Con I KOI ling \ ai vks —Pi ai i orm Ln is —Work hop and Poifndky 
Cranes —\ v ARUK u sH and D(.lk l kanfs —hydraulic Act umdi aiors —Presses 

lOKlJALINt ANDOlHEkll K 1 OsP s — SHF F I M T I -V L VVokKINt ANDlORC INt, M ALH INERY 

— Hylikaulic Ri\ LI Mvs - Hand and l*owi r PeMis—SiHAMPUMPs—lUKniNKs — 

iMPt^SF 1 LTKEINPS — Kl At I ION 1 DK HIM s - 1>HSI( N OF P URIMNLS IN I)FT All — WaIHR 
W HFFl S — H\ DKAIJ L IC LNt.INKS — KKCFN I ACHIF VEMFNl S — PK 1 SSL' KK tJF WAIHR — 
Ac 1 ION Ol Pl'Ml -> tVe 

“ W c ti ivc lujthinir but praise for this thoroughly vdludblc work The author ha^ succeeded 
In rendering his subj< ct iiitt re>tinn as well ds instructive — P^'a.txiai hn^nerr 

"Can be unln sitntin(^ly rccomnicndtd is a useful and up to d ite nianual on hydraulic trans 
m Sion and utilisation of liowcr — AJcchaftK.ii. U orJa 

HYDRAULIC MANUAL. 

ConsisUiiK of Worlwtnp Tables and Explanatory Text Intended a^ a Guide m 
Hydraulic Calcuiaiions and Field Opciations By 1 owis D‘A Jackson, 
Author of “Aid to Surveys Pratticc,” “Modern Metrology," &c Pourtb 
Rdition, Enlarged Large crown &vo, cloth 16/0 

"The author has coU'-'iiK.ttd a manual which may Ih. accepted as a trustworthy ifiiuie 
to this branch of tin ciijiimecr s profession — hninneettug 

HYDRAULIC TABLES, CO-EFFICIENTS. & FORMULAE, 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Risers With New Forniul.e, Tables, anti G<“neral Information on Ram-fall, 
Catoirnent-llasms, Dr.unagc, Sewerage, Water Supply for Towns and Mill 
Power by' ^ohn Nfviile, C h , M K I A Third Edition, revised, with 
additions Numerous Illustrations Crowij 8vo, cloth 1 4'/0 

" It U, of all tuidish lK)ok, on the subject the one nearest to completeness ’ — At'chtUct 

MASONRY DAMS from INCEPTION To COMPLETION. 

Including numerous Formula;, Forms of Specificaiion and lender, Pocket 
Diagram of Forces, hcc For the use of Civil and Mining Fdiginecrs Bv 
C F Cou^^rNKY, M Inst C F 3\o, t luth 9/0 

■ Contains a gcoil lU al of \ahirtl»le <Uta M niv n « ful suggestions will be found In the 
remarks on site anil positiun, location of dam, foundations tuid construction — Huildxnj! News, 

RIVER BARS. 

The Causes of their F'oimaiion and their Tiraimcnt by “Induced Tidal 
Scour " , with a Description of the Successful Reduction V*y this Method of 
t te Bar at Dublin By I J Mann, Assist Eng to the Dublin Port atd Docks 
Board Royal 8vo, cloth . . 7/0 

"We recommend all Interested In harlniur works — and Indeed those concerned in the 
improvements of nver. gtnerallj — to read Mr Manns mtcresiiiig work —hnt^netr 

DRAINAtJfe OF LANDS, TOWNS AND BUILDINGS. 

By G D I)FMPsr\,C E KcvHfd with large Additions Ki'Cf nt Practice 
in Drainage I ngnutring bv I) Ki-sm \ i< ( i/ei, M Inst C E Fourth 
1 d tior Crown bvc, t 'od* . 4/6 
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SURVEYING AS PRACTISED BY CIVIL ENGINEERS 

AND PURVEYORS. 

Including the Setting out of Works for Construction and Surveys Abroad, with 
many Kxamples taken from Actual Practice A Handbook for use in the Field 
and the Offa c, intended also as a Text-book for Students B> John VC*hiTE 
LAW, Jun , A M Inst C F , Author of “ Points and Crossings " With about 
260 Illusiraiions Demy 8 vo, cloth Net 10/6 

‘‘ Dii, work is writt( 11 will) nlniirjldt liirulit>, ^IK^ will he foiiml of distmot value 

hotli to stU'lonts and to lliosc tl in ictual pr iciice — / he hutldt) 

PRACTICAL SURVEYING. 

\ Text-Book foi Students preparing for Examinations or for Survey -work in 
the Colonics By Georof W Usiil, V M Inst C E Eighth Edition, 
thoroughly Kcvistd and Enlarged, by Alex Blazfily, M Inst C E 
With 4 Lithogr iphic Plates and 3 O 0 Illustrations large crown 8 vo, 7/6 
cloth, or, on Ihin Paper, leather, gilt edges, rounded corner-., for pocket use 

12/8 

"The best forms of instruments are descrilved as to their construction uses and modes 
of employment and there are innuinerablc hints on work and equipment such as the iiithor in 
his extierience as surveyor draughtsman and teacher has found necessary, and which the stiidi nt 
In his inexperience will find most serviceable — /‘nj^tneer 

•• I he hrst book which should be put hi the hands of a pupil of Civil Enijineerlng — 
ArcktUci 

SURVEYING WITH THE TACHEOMETER. 

A practical Manual for the use of Civil and Military Engineers and Surveyors, 
including two series of Tables specially computed for the Reduction of 
Readings in Sexagesimal and in Centesimal Degrees By Nfil Kfnf-idv, 
M Inst C E With Diagrams and Plates Second IkdiLion Demy 8 vo, cloth 

Net 10/6 

" The work is vorj rle irly written anil hould rf move all dilliculties m the way of any surveyor 
desiious ol in ikiiig use of this us* ful and r ijad msituiu* nt —Nature 

LAND AND ENGINEERING SURVEYING. 

l‘ot Stiidint-. iiui Pi ictic il I'-t Bv I P.\!-ik, ( 1 Twentuth I'vdition, 
by b E Dixos, \ M In I C L With IMittsand l>iagiains Crown 8vo, 
cloth 2/0 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Levelling anti Setting-out , and in Route Sur 
veys of Travellers by Land arui Sea. Wiih lables. Illustrations, and Records. 
By 1 j da Jackson, A M Inst C E Second Edition 8 vo, cloth . 12/6 

" Mr Jackson has proiluccd a valuable vaae mecum tor the surveyor We can recommend 
this book as coni tiinng au .idnitrable supplement to the teaching of the accomplished surveyor 
Atkefurum 

"The author brings to his work a fortunate union of theory and practical i vpi nence which, 
aided by a clear and lucid style of writing, renders the book a very useful one — Jutiuft r 

LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and R ulways , Canals, 
Rivers, lowns' Walei bupplies , Docks and Harbours With Description 
and Use of Survey ing Instruments By W Davis Haskoll, CE Setond 
Edition, Revised with Vdthuons Large erov^n 8 vo, cloth 9/0 

"This book must prove of great value to the student We have no hesitation In lecom 
mending It, feeling assured that it will more than repay a cartful study — Wetkanua If orla, 

" A most useful ix>ok for the student \\ e can sirongiy recommend it as a carefully written 
aid valuable text l>uuk. It enjoys a well deserved repute ai long surveyors. — BttxUkr 

ENGINEER’S & MINING SURVEYOR’S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Systems, and 
use of Theodolite for Traverse Surveying and plotting the work with minute 
accuraev by means of Straight Edpe and Set Square only , Levelling with the 
Theodolite, Setting-out Curves with and without the Theodol te, Earthwork 
Tables, &e By W Davis Haskoll, C E With numerous Woodcuts 
Fifth Edition, Enlarged Crown 8 vo, cloth . . 12/0 

*• The book Is very handy the separate tables of sines and tangents to every minute will make 
it useful tor many other purposes, the genuine traverse txUes existing all the same.”— 
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AN OUTLINE OF THE METHOD OF CONDUCTINO 

A TRIGONOMETRICAL SURVEY. 

For the Formation of GeoCTaphical and Topo^aphical Maps and Plans, Mill 
^ary Reconnaissance, LEVELLING, &c , with Useful Problems, Formul«, 
^nd Tables By Lieut -General Jkome, R E Fourth Edition, Revised and 
partly Re-written by Major-General Sir Chari ks Warren, G C M G , R K 
With 19 Plates and 115 Woodcuts, royal 8vo, cloth 16/0 

*' No words of praise from us can strenijrtlicu the position so well and so stcidlly maintained 
by this work Sir Charles Warren has revised the entire work, and made such additions as were 
necessary to bring eveiy portion of the contents up to the prcst nt date — Broad Arrow 

PRINCIPLES AND PRACTICE OF LEVELLINQ. 

Showing Its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roads, with Mr In ford’s Rules for the same By 
Frederick W Simms, M Inst C E Eighth Edition, with Law's Practical 
Examples for Setting-out Railway Curves, and Irautwink’s Field Practice 
of Laying-out Circular Curves With 7 Plates and numerous Woodcuts, 
8vo 8/6 

" The text book on levelling In most of our engineering schools and colleges —Fmrtneer 
“The publishers haie rendered a substanri il service to the profession espt ctally to the 
youiiger memciers, by bringing out the prtseiit edition of Mr Simms s usi ful work — hn£^HeertHx 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES. 

tor Setting out Curves from 5 to 200 Radius By A Bkazei kv, M Inst C E 
7th Ediliou, Reviseu With an ^pendix on the use of the lablcs for 
Measuring up Curves Punted on 50 Cards, and sold in a cloth box, waistcoat 
pocket size . . . . . 3/6 

Each table Is printed on a sm ill card, which placid on the theodolite leaves the hands free 
to manipulate the uisirument— no small achantage es regards the r ipulity of work —Ln^^ineet 

“ very handv a in m may know that .ill his day s work must f ill on two of these cards, which 
he puts into his own card case, and leaves the rest lienuid — Athena utn 

PIONEER ENGINEERING. 

Atiiatist on tlu Inigiip ( ring Ojx rations coniu etc d u itli the Si tth incnt of 
Waste Lands in Nivv C onmiii s Ly J Uouson, M Inst C 1 *. Second 
hdition C row n bvo, cloth 4/6 

“Mr Dobion IS f u nil f with lh< dilht nltu s whu ii h ivi loin i>v< n omc m tins < 1 is of work, 
and mug{l ol In advice wn' he \ ihi iMe in j'lun,, tn,^inni, iiKuccduig lu onr eoluiin 1 — 

1 ttutrin 

TUNNELLING. 

A PractKil 1 leatise l'> Charles Pkfiini, C I' Wiih additions by 
Chakles S Hill, C E With 150 Diagrams and Illustr itions Royal 8\o, 
cloth Net 1 G /0 

PRACTICAL TUNNELLING. 

Explaining in detail Seiung-oui the Works, Shaft sinking, and Heading-driving, 
Ranging the Lines and Levelling underground, bub tf.Acavating, J imheririg 
and the Consiruetion of the Brickwork of 1 umiels Jiy t W Simms, 
M Inst C E Fourth Edition, Revised and t iirihei Extended, 1 uiuoing the 
most recent (1895) Exainplesof Sub-aqueousand other 'J unneis, by D Kinnkar 
Clark, M Inst C E With 34 Folding Plates Imperial 8vo, cloth |ES 2 2 s 
"The 7>rescnUib96; rd.tlon has liein litought ngh, up to date ainl is i work to which civil 
en^ncers should hS^e r» ad> access, and eiviiieers who havt coi ruv.tion work can hardly afford 
to be writhout, but which to the ynuiiger ineinliers of the pr< fessior is invaluable as from its pages 
the> can learn the state to which the science of tonnelli >g has attahicd — Katitvay News 

EARTH AND ROCK EXCAVATION. 

A Practical '1 realise b) Chakli s I'kiiim, ( 1 ’,65 pp , with lablcs, 

Tuanv Diagrams and LngraMiigs Koval hvo tlo'h 

[Ju I PuJdtsheil Net 1 6/0 

CONSTRUCTION OF ROADS AND STREETS. 

By H l,Avv, C E , and D K C i ark, C i Sixth Ivdilion, u vised, with 
Additional Chapters by A J Wah is- I wi ki , A M Inst C L Crown Hvo, 
cloth 6/0 

“A book w hich e\ ery borough survey'or ami i ngineer must posjC'-s ind which will be of 
considerable senice to architects builders md pruiicrt^ owners ,, tin rallj —Uuildtni^ News 
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TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System , with an exhaustive 
Analysis of the Various Modes of Traction, including Horse Power, ^team, 
Cable 'IraclioM, Electric fraction, &c , a Description of the Variecres of 
Rolling Stock , and ample Details of Cost and Working Expenses New 
Edition, 'Xhoroughly Revised, and Including the Progress recently made in 
1 ramway Construction, Slc , &c By D Rinnear Clark, M Inst C E 
With 400 Illustrations Svo, 780 pp , buckram 28/0 

“ The new volume is one which will rank, among tramway engineers and those Interested in 
tramway working, with the Author s world famed book on railway machinery — TJu Engxneer 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Embarjkments from 3 inches to 80 feet in Depth or Height, for use with either 
66 feet Chain or 100 feet Chain By J H Watson Buck, M Inst C R 
On a Sheet mounted in cloth case 3/6 

EARTHWORK TABLES. 

Showing the Contents in Cubic Yards of Embankments, Cuttings, &c , of 
Heights or Depths up to -in aver.ige of 80 feet By Joseph Broadbent, C E , 
and Francis Camiin, C E Crown Svo, cloth 6/0 

“ The way In wliii h accuracy is attained by i simple <hvisiun of each cross ‘cctun Into three 
cloments, two In which arc constant and one variable is ingenious —Athenaum 

A MANUAL ON EARTHWORK. ^ 

By Alex J Graham, C E With numerous Diagrams Second Edition 
i8mo, cloth . . 2/6 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A Practical and 'Iheoietual b ssay By J H Watson Buck, M Inst C E , 
Resident Engineci, L an<i N W R With folding Plates, Svo, cloth 12/0 
" Many of Hit iiatliodh given are of extreme pr ictical value to the mason, and the obst rv i 
tloiis on the form of irc h tht rules (or ordering the stone and the construction of the tt; ipUlcs, 
will be found of coiuiidcr ible use \Vc commend the book to ihc engineering profession.”— 
butldtn^ 

•‘Will be rtgirdcd by t ivii ciigiiiccrs as ol tiu utiiio 1 \ .li.i tiul 1, ilciilatcd to save much 
tunc and obviate rii 4I I ) iim>t ikcs — Coatery Cruat .n 

ESSAY ON OBLIQUE BRIDGE^ 

(Practical and Iheorciicil) With 1^, Urge Platte By the late lii oKCii' 
Watson Buck, M Inst C E tounb E-diiion, revised by his Son, J H 
Watson Buck, M lust C E , and with the addition of Description to 
Diagrams foi Facilitating the Construction of Oblique Bridges, by W H 
Baklow, M Inst C b Royal Svo, cloth 12/0 

“The stand ird text book for all t ngtneers regarding skew arches U Mr Bucks treatise 
and It would lie imposMt Icto consult a Ivettcr — J nitnrer 

Mr Buck s treatise is re< ogniscd as a stamfard text book, and his treatment has divested 
the subject of many u( the mrricacics supposed to belong to it As a guide to the engineer and 
arehltoct, on a confessedly ditiieidl subject Mr Bucks work is unsurpassed — , '’wsAftMg Arwr 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(Al Complete and Piactieal 1 realise on), including Iron Foundations In 
1 hree Parts — 1 heoretical Practical, and Dcscriptit e By W illiam Humber, 

A M lust C E , and M Inst M E Thud Edition, revised and much iin 
proved, with 115 Double Plates (20 of which now first appear in this edition, 
and numerous Additions to the lext In a vols , imp 410, half-bound in 
morocco £6 1 6 s. 60. 

*' A very valuable contribution to the standard hterature of civil engineeiuig In addition to 
elevations, plan$, and sections, large scale details are given, which very much enhanco the 
instructive wortli of those illustrations — cir*/ tngrxneet and Archtteefs youmal 

"Mr Hum’vers stately volumes, lately issued — in which the most important brides 
erocied during the last hve years, under tlie direction of the late Mr Brunei, bir W CnUtt 
Mr Hawkshaw. Mr Page, Mr Fowler Mr Heuians, and othi rs among our most enlnent 
i igineerv, arc drawn a ui specified in great detail — Enaxnttr 
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IRON BRIDGES OF MODERATE SPAN: 

Their Construction and Erection By H W PiNORho With 40 illustra- 
tions Crown bvo, cloth 2/0 

‘ Student'* 'iiid ciV^iut-ers slioiild i)bt uu th) book toi lonst int and practu il us<. ’ — Lolluty 
iiuardian 

IRON AND STEEL BRIDGES AND VIADUCTS. 

A Practical Treatise upon their Constiuciion I 01 tlu iwt of PniK'nieeis, 
Draughtsmen, and Student', By 1 'k\ncis Camim\, C L Ciown bvo, 
cloth 3/0 

TUBULAR AND OTHER IRON GIRDER BRIDGES, 

Describing the Britannia and C onw a> 1 ubulai Biidm s With a Sketch of 
Iron Bridges, bco, By G D Dl mi*si v, G Iv Liowri Svo, cloth 2/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in Roofs, Solid 
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks By R Hudson (ikaham, C E Containing 
Diagrams and Plates to Scale With numerous Examples, many taken from 
existing Structures Specially arranged for Class work in Colleges and 
Universities Second Edition, Revised and Enlarged 8vo, cloth 16/0 
“Mr Grahams book will hiid a place wherever graphic and analytic statics are used or 
sUulicd — hn^ineer 

" The work is excellent from a practical point of view, and has evidently been prepared 
with vuch care 1 he directions for working ire uiiple and are illustrated by an abundance t f 
well selected examples It is an excellent text book for the pr ictlcal draugiitsman -^Athenatu-m 

WEIGHTS OF WROUGHT IRON & STEEL GIRDERS. 

A Graphic Table for Facilitatirg the Computation of the Weights of Wrought 
Iron and Steel Girders, &c , for Parliamentary and other Estimates By 
J H Watson Buck, M Inst C E On a Slicct . . 2/o 

GEOMETRY FOR TECHNICAL STUDENTS. 

An Inirodut 11 m to Pute and Applied Geomctiy ami the Mensuration of 
S|^faces 'ind Solids, nu lading Problem in Plane (*eoineiry uselul in Drawing 
By E H Si'KAoUF, A M In-*! C E Crown 8vo, elotii, Acf 1/0 

PRACTICAL GEOMETRY. 

For the Architect, Engineer, and Mechanic Giving Rules for the Delineation 
and Application of various Geometrical Lines, F^igures, and Curves By 
E W Tarn, M A , Architect 8vo, cloth 9/0 

“ No book with the same objects m view has * ver been published In which the clearness of 
the rules laid down and the illustrative diagrams ha.e tmen so satisfactory — Scotsman 

THE GEOMETRY OF COMPASSES. 

Or, Problems Resolved by the mere Description of Circles and the Use uf 
Coloured Diagrams and Symbols By Oliver Bvkne Coloured Plates 
Crown 8vo, cloth . • > 3/6 

MENSURAyON AND MEASURING. 

\\ ith the Mensuration ant’ Lcv( Ibiig of Land foi tin [imposts uf Modem 
Engineering By P B rut, C L New Ldition by I NeuLNr, E C 
Crow n bvo, elolli 1/6 

HANDY BOOK FOR THE CALCULATION op STRAINS 

In Girders and Simila*' Structures and their Strength Consistinf^ of Formal* 
and Corresponding Diagrams, with numerous details for Practical Applica- 
tion, &c By WiLiiAM Humber, A M Inst C E, &c Sixth Edition 
Crown 8vo, with nearly joo Woodcuts and 3 Piaics, cloth . T/8 

“The fonnuSe arc neatly expressed, and the diagrams good — A thenaum 
“"We heartily comiueoa this really handy book to our engmeer and architect reader*."— 
Mtchantc 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Practical Remarks on Iron Construction By F. W Shkills, 
M Inst C £. Svo, cloth .... . • • 6/0 
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CONSTRUCTIONAL IRON AND STEEL WORK, 

applied to I\iblic, Pnvat( and Domestic Buildings By Francis 
Camun, ( L CrovMi Svo, cloth *'^IS 

1 Ills i)r<tti( (I huok III }»c <<iijiiu<i t must v iluiilile work — HtUisn Arth,(ec,. 

MATERIALS AND CONSTRUCTION. 

A Tluouticil and I’t .irtical Ti cai ist on tlu Sti ains, Dc ngaing, and Biection 
of Woi k 1 of C onstiuclion B> 1* Cami in Clolli 3/0 

EXPERIMENTS ON THE FLEXURE OF BEAMS. 

Kcsiiiting m the Disctjvoiy of New Laws of Failure hy Buckling B> AcbhKi 
L Guv Medium 8vo, cloth Ac/ 9/0 

TRUSSES OF WOOD AND IRON. 

Prac tic il Apjihcations of Si lem e in Iletcrinining the Stresses, Breaking 
Weights, Safe Loads, Scantlings, and Details of Consinu tion With Complete 
Working Diawnigs liy W (j»kit ki i HS, Sur\cyor Oblong 8vo, cloth 4-/6 

‘‘Thii limuly little Ixiuk enti rs so tniiiiitrU lnt(» every del ill rcnmecied with the con 
striictlon of roof trusses that no student need be ii.norant of these matters — Pratticai hn^'weer 

CONSTRUCTION OF ROOFS, OF WOOD AND IRON: 

1 )( thin d t hu (1) iioin tin W'oiksof Isolu-on, Iittlgold, uitl llinnbcr B\ 
1 W Iakn, M A, \i(lit(ct luintl) Lditioii C roun 8\o, cloth 1/6 

' Ml I nil I- II hK 111 ist« I Ilf Ills iiliMit 111 It ililii lu li till tic itiic was foiiinled on 

Uic uuik *)l iitlu 1 lx li I i i \ Ml 11 i di Hill I \ ilm ol In'- null J tm < ; • 

A TREATISE ON THE SI RENO! H OF MATERIALS. 

By P Bakiow, F K S , P W Bakiovs, F R S , and W H Barlow, F' K S 
ll^dited hy Wm Hum«kk,A M Inst C L 8 vo, cloth 18/0 

” Valmdile iliki to tht stiuii nt tyro md the etjHruntHil jir ictltlonrr It wiU -ilwayc: rank 
III future it has hitliertu done a.s the st ludard tn Utse on that particular subject -^hngtntet 

EXPANSION OF STRUCTURES BY HEAT. 

By John Kkily, C F. Crown 3vo, ciotn 3/6 

‘ The aim the author h es set t>ef<>r( him, vii: to show the edects of heat upon metLilic and 
uthei structures is a laudable one, for this is a branch of physics upon which the eiig^lneer or 
ar.hitect c<iu iiiul but little reliable and comprehensive data In liouks ’ u r 

CIVIL ENUINEERINU. 

liy lliMv'i I A\N , M Inst C 1 Inchidnig ,1 luatiNi on H\dr.uihc Lngi 
III 1 1 nu l)\ ( 1 K 1 .1 KM I i , M In'>l t 1 S« \ < nth Lditioii, 1 1 \ ist d, \Mth 
1 npi \i)diij(iri^ on J\( et m I’laciiCL bv D Kinnfai^ bi \i<k, M Inst C It. 

( low n 1 1 , cloib 6/6 

\ii iiliiiii il li \ulumi u nil li u c u iimlj n 1. 1 iiiiiu ml l > miUH^ uiKinct rs —Jutinhi 

THE PROGRESS OF ENGINEERING (1863-6). 

1 1 > \\ M H u Ml I I , V M liisi Cl C onipb to 111 1 I ur \ c Is Coin iming 14& 
Di u'lU I 1 Ucs, with Pm li Ills and C opiuus Descripi i\ t letterpress Impl 4111, 

li dt iimimio J'lict < 'inpkti,£12 1 S2 b . < u b \ olun^e sold sc p irately 

at £3 3b I \ ohnne Jhstftf'H c I ii<. oj L onicni^ Lf*plicatwn 

GAS WORKS, 

i hmi C on n i eiiiu nul \m ni; i iir nt, md tlu Manuf ictm e nid Di'>tiibnlK>n 
oi (. o.il tid^ Ln S IIl^ ms (. L \nuli 1 ilitK'ii KeMstd, with 
NoUcis 01 Kilt in li ipioMim ills b\ Hfnk\ ObuNsoK, *\ M Inst C K 
b I ow n Mo, c luili 6/“ 

PNEUMATICS, 

lilt hiding AcoiistiC'> ami ilu Pin noiiu 11 1 of \\ nul biiriciit^, "^oi the use of 
iieguvntis P.> k haki i s Iomlinson, IKS Ciown bso, ulolli 1/6 

FOUNDATIONS AND CONCRETE WORKS. 

With Piacticii Knunks 011 lootings. Planking Sand, Conert le, Beton, 
P !t d i\ ng l ais ons, md t ofttidains By L Dohson brownhvo 1/6 
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BLASTING AND QUARRYING OF STONE. 

For Building and other Purposes With Remarks on the Blowing up of 
liiridgob By Gen Sir J BuROOiNt, K C B Crown 8vo, cloth 1/6 

SA^E RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention , with a De- 
scription of Modem Appliances and Systems By Ci kment E Streiton, 
C.E Third Edition, Enlarged Crown 8vo, cloth 3/6 


ENGINEERING STANDARDS COM- 
MITTEE’S PUBLICATIONS. 

IhE EnGINEI- king SiANDAKDs CoMMIIll^E IS the Olltcoiim ot d 
Coiumittce appointed by the Institutiun of (..ivil Enginems at the instance 
of Sir John Wolfe Barrv, R C H , to iiKpure into the advisability of 
Standardising Rolled Iron and Sietl Si clions 

1 he Loniinittee is supported by tlie Institution of Civil J'mgiiieers, the 
Institution of Mechanical Engineers, the Institution of Naval Architects, 
the Iron and blet 1 Institute, and the Institution of Electnc.d Engineers , 
and the value and iiuiiortance of its labours has I eeu emphatically 
recognised by His Majesty’s (jovcrniiRnt, who have made a libtr.d giant 
from the Public Funds by way of contribution to the iinancial lesouices of 
the C'ommittee 

Reports already Published — 

I. BRITISH STANDARD SECTIONS (9 l«sts) 

Angles, I^oual and Unequal — Bum Angljs, Tees and Piajes — 


2 AND 1 Bars — Channels — Beams, AV/ I/O 

2. TRAMWAY RAILS AND FISH-PLATES. jvei 21/0 

3. REPORT ON THE INFLUENCE OF GAUGE LENGTH. 

By Professor W C Unwin, t K S Air/ 2/6 

4 PROPERTIES OF STANDARD BEAMS, 

included in Xo 0 ) Ntt 1/0 

4 STANDARD LOCOMOTIVES FOR INDIAN RAIL- 
WAYS. .C/ 10/6 

6 PROPERTIES OF BRITISH STANDARD SECTIONS. 

Diagrams, Dcfimnoiis, 1 ablcs, and Formula. Net 6/0 

7 TABLES OF COPPER CONDUCTORS AND THICK- 

NESSES OF Dl-ELECTRIC iSet 2/6 

8 TUBULAR TRAMWAY POLES. Net 6/0 

9 BULL-rifeADED RAILWAY RAILS. 1 C /6 

10 TABLES OF PIPE FLANGES. Vr/ 2/6 

11 FLAT-BOTTOMED RAILWAY RAILS. Nu lo/6 


12 SPECIFICATION FOR PORTLAND CEMENT. Net 2/6 

13 STRUCTURAL STEEL FOR SHIPBUILDING, 2/6 
14. STRUQTURALSTEEL FOR MARINE BOILERS. Net^m 

15 STRUCTURAL STEEL FOR BRIDGES AND 

GENERAL BUILDING CONSTRUCIION iVr/ 2/6 

16. SPECIFICATIONS AND TABLES FOR TELEGRAPH 

MATERIALS. Hit 10/6 



20 CROSB? LOCKWOOD & SON'S CATALOGUE. 

Engineering Standards Committee's Reports— continued 

17 INTERIM REPORT ON ELECTRICAL MACHINERY. 

Net 2/6 

19. REPORT ON TEMPERATURE EXPERIMENTSNoN 

FIELD C0IL5 OF ELECTRICAL MACHINES. Net S/Q 

20 BRITISH STANDARD SCREW THREADS. Net 2/6 
21. BRITISH STANDARD PIPE THREADS. Net 2/6 
22 REPORT ON EFFECT OF TEMPERATURE ON 

INSULATING MATERIALS. Net Q/Q 

23. TROLLEY GROOVE AND WIRE. 1/0 

24 MATERIAL USED IN THE CONSTRUCTION OF 

RAILWAY ROLLING STOCK. 10/6 ^^/ 

25 ERRORS IN WORKMANSHIP, leased on Measurements 

cariiLd out by the National J‘li}sitil L iboralor> Net 10/6 

27 STANDARD SYSTEMS FOR LIMIT GAUGES. 

(Running bits) Net 2/6 

28 NUTS, BOLT-HEADS, AND SPANNERS. 2 /s 

31 STEEL CONDUITS FOR ELECTRICAL WIRING. 

^ct,*z,e 

MARINE ENGINEERING, SHIPBUILDING, 
NAVIGATION, ETC. 

MARINE ENGINES AND BOILERS. 

1 heir I)tsign iiul Constiuction \ Uandboi)k for the Use of Students, 
bngirietrs, and Navd Consiiuetots 13 ised on tlie Woik “ Rereehnung und 
Konstiuklion der Sehiflfsni isehinen und Kes^el,” bj 1 >r G 1 lAUt R, Lngiiieer- 
in Chiel of the Vule in shipbuilding \ ird, Stettin '1 ranslated from the'feecond 
Gernuin I'dition b) I 1\1 DeiNKiN, and S Rkyan 1)onkin, A M ICL 
Kdlted b) I 1 SI 11 S Kohi KT SON, St ei elai \ to the I" ngineei ing Standards 
C oininittte, MIC h , M I M b , M I N A , Ne ^V'lth numerous Illustrations 
and "tables Medium bvo, cloth [Jtist i'uOlished 26/“ 

SUMMARY OF CONTUNrs — PARTI— MAIN I N(,IN PS — DETERMINAI ION OK CYLIN 
DKR DIMENSIONS —THE mil ISA I ION OE STEAM IN THE HNOINE —STROKE OF PISTON 

—Number OF Kk\ 01 uTioNs - i urninc Mo.men r — Bai ancinc 01 i he Moving 1*arts 
— Arranokmhnt of Main I nc, inks —Dh i ails 01 main i noinfs — The cylinder — 
Valves —Various Kinds 01 Vaivf gear -Pision Rods —P isi ons —Connec ting 
Rod and crosshhad — \ ai \ k Gear Rods— Bid Pi atfs — 1 nc ine Columns — 

RH\ BRSING AND 1 URNlNt t.FAK I'AR 1 1 1 — 1’ I ' M PS — A I R ClRGULATING lEED AND 

Auxiliary PuMi s PARI III - SHAl i IM., RPsis I AM I oP SHIPS PKOPLLLJ:Rb 

— IHRUST SHAFl AND iHKUST Bl t )( K — I I NN'Bl SHAI ’S ANDPLIMMBR BLOCKS- 
SHAFT COtiPl INt S —ST HKN 1 I BE —THE SCREW I'KOPHLl KR — CONS I KUGTION OE THE 
Si RHW PART IV — I’lPl s AND t ONM c 1 IONS —GENERAL Remarks, I LANGFS. 
Valves &c— Undek Waiik iirriNos — main steam auxiliart Steam, and 
fcxHAUsT Piping —1 RED Water Bilge Ballast and Circulatingu iffs PARTY- 
STIiAM BOILLRs —1 iRiNt and i HE Generation ofStfam —cylindrical Boilers 

— 1 ocomotivf boiler*' — Water 1 1 be Boilers — Small Tube Water Tube 
Boilers —Smoke box -l unnel and Bon br Ragging —1 okgfd Draught —Boiler 
1 ITTINGS AND mount INC s PARI \1— MLASURING INSTRIMINTS PART VH — 
VARIOUS D1 lAll S— BOLTS NUTS SCKBW 1 HRHAD^ &C -PLAT PORMS, GRATINGS, 

1 ADDERS — IOUNDA-TIONs — Si ATINC S - 1 UBRleAllON VENTILATION OF LNGINB 

Rooms— Rules for spake gear pari vhi —additional tables 

“ rills liaiuKonio e uUinit. i i>m nils a eoinprelu iisi\e atLount of llir liesi^Mi and construction of 
iiuukrumiruu tu^tmes and boiU is Its irr mjtt uicut is e vcelkut, uid the numerous illustrations 
represt nt rtcent practice lor ill 1 1 isscs of w irslnps ind icsscls of llic mercantile marine His 
position tis Engineer in e liict ol the grt it V uk in W orks at Stt ttin g ive the author special ficihties 
for selecUiig illustrations tioni tin pr ictire of tint liriii which has built iinny of swiftest t\j>es 
of stc unships for both w ir and coiiiiiit rte Other German linns and the German Admiralt) have 
been eoualty generous m contributing infuruiitiuii while a large proportion of the illustrations is 
drawn Irom I nghsh technical journals ind the proceedings of our engineenng societies American 
practice is also represented The coiiipilition li is l>een laborious, no doubt bu* it constitutes a 
valuaiile Inwik of reference and a treasury of infonnation. T he Englisli editor and his assistants 
ha\e done their work well, both in translation and m the cone ersion of metric to English measures." 

— 1 fu Tunes 
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THE NAVAL ARCHITECT’S AND SHIPBUILDER’S 

POCKBT-BOOK 

^Of Formula, Rules, and Tables, and Marine Engineer’s and Surveyor’s Handy 
Book of Reference By Clement Mackrow, MINA Eighth Edition, 
carefully Revised and Enlarged Fcap , leather . JVti 12/6 

SUMMARY OF CONTENTS —SIGNS AND SYMBOLS, DHCIMAI FRACTIONS —TRIGO 
NOMFTRY —Practical Geometry —Mensui^tion —Cfntrhs and Moments of 
Figures —Moments op inertia and Raimi Gyration — aluperaical expressions 
FOR Simpsons Rules —Mechanical Principles —Crn i re of gravity —Laws of 
Motion -Displacement, centre of buoyancy —Centre of Gravity of Ships 
Hull —Stability curves and Met acentres — sea and shat low water Waves 
—Rolling of ships —Propulsion and Resistance of Vessels —speed Trials — 
Sailing Centre of effort —Distances down Rivers Coast lines —steering and 
Rudders of Vessels -Launching Calculations and Velocities -weight of 
Material AND Gear —Gun Particulars and weight —si andard Gauges — 
Riveted JOIN i-s and riveting —Strength and Tests of Materials —Binding 
and shearing Stresses —Si rength of Shafting Pii lars, wheels, &c — 
Hydraulic Data &c — Conic sections. Catenarian Curves — Mechanical 
POV.ERS, WORK -Board of Trade Rrgui ations for boilers and Fnginrs —Board 
OF Trade Regulations vor ships —Lloyds rules for boilers —Lloyds Weight 
of chains —Lloyd s scantlings for ships— Dai a ok Engines and Vessels — 
Ships Fittings and Tests —seasoning Preserving Timber —Measurement of 

TlMBFR —ALLOYS, PAIN IS, VARNISHES —DATA FOR ST OWAGE —ADMIRALTY TRANS 

PORT Rec ULATioNS — Rules for Horse powfr. Screw propellers, &c— Per 

CKNTAGHS for BUTT S 1 RAPS —PARTICULARS OK YACHTS —MAS I ING AND RIGGING 

— Distances OF Foreign Ports — Tonnage Tables —Vocabulary of French and 
Enc.lish Terms -English weights and Measures -Foreign vhights and Mha 
SURES —Decimal E^,;uivalhnts —Useful Numbers —Circular measures —Arras 
OF AND circumferences OF CIRCLES —AREAS OF SEGMENTS OF CIRCLES -TABLES 
OF Squakfs and cubes and Roots of Numbhrs — Tabi rs of Logarithms of Num 
BERS -Tables of Htphkboi ic logarithms -Tables of Naiural sines, Tangents, 
—Tables OF Logarithmic Sines, Tancrnis &c 

" In these days of advanced knowledge a work like this is of the greatest value It contains 
T vast amount of Iniomiatlon Wc unhesitatingly say that it is the most valuable compilation for its 
specific purpose that has ever l>een printed No mval architect, engineer, surveyor, seaman, 
wood or iron shipbuilder can afford to be without this work — j\auttcai Mai^aMine 

“ Should lie used by all wh< are engagetl in the construction or design of vessels Will 

be found to contain the most useful tables and formulae required by shipbuilders, collected from the 
best authorities, and put together in a popular and simple form It is of exceptional merit — 
/snx 

A pocket book of this description must be a necessity in the shipbuilding trade It con- 
tains a mass of useful Information clearly expressed and presented In a handy form —Afarttu 
hm,tn( •r 

WANNAN '5 MARINE ENGINEER’S GUIDE 

To Board of Trade Examinations for Certificates of Competency Containing 
all Latest Questions to Date, with Simple, Clear, and Correct Solutions , 
302 Elementary Questions with Illustrated Answers, and Verbal Questions 
• and Answers, comp'c'e Sti of Draw'ings with Staienienls ccinph u d |By 
A C Wannan,C E , Consulting ngince r, and E W I Wannan, M 1 M ii. , 
CtTlificTted first Cl iss M irine Knginei r With numerous Engravings fouith 
Fdition, Enlarged 500 pnges Large crown 8vo, cloth Nei 10/6 

‘‘The book is clearly and pi nnly written ami ivouLs unnecessary exi>lanations and formulas, 
and we consider it a valuable book for studt nts of marine engmeeriiig —J^auttcal Maiaztne 

WANNAN’S MARINE ENGINEER’S POCKET-BOOK. 

Containing Latest Board of Trade Rules and Data for Marine Engineer^ 
By A C w ANNAN I hird Edition, Revised, fnlargcd, and Brought up to 
Date Square i8mo, with thumb Index, leather . . . . 6/0 

“There Is a great deai of useful information in this little pocket Ixiok It is of the rule of 
thumb order and is on that account, well adapted to the uses of the sea going engineer — 
hngrneer 

MARINE ENGINES AND STEAM VESSELS. 

R> R Ml BRAY, C F Eighth Edition, thoroughly Ki vised, v\ah Additions 
by the Author and by Gkorc.f Cari rstr, C I* Crown 8vo, cloth 4 6 

" An iiuhsppnsnble minti il for the student of in irint engiiit< ring — / 11 rt pool Ml r< itry 

ELEMENTARY MARINE ENGINEERING. 

A Manual for Young Marine Engineers and Apprentices. By J S Brswrr 
C rown 8vo, cloth . .... t/6 

“ A usefiii introduction to the more elaborate text }>ooks ’’ — ^cotsmafi 
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CHAIN CABLES AND CHAINS. 

Comprising Sizes and Curves of Links, Studs, &c , Iron for Cables and ^ains 
Chain Cable and Chain Making, Forming and Welding Links, StreiT||ii)i o 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chau 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests 
Charges for lesting, List of Manufacturers of Cables, &c , &c B3 
Thomas W Iraill, FERN, M Inst C E , Engineer-Surveyor-in-Chiei 
Board of Trane, Inspector of Chain Cable and Anchor Proving Establishments 
and General Superintendent, Lloyd’s Committee on Proving Establishments 
With numerous Tables, Illustrations, and Lithographic Drawings Folio 
cloth £2 2s. 

“ It contains a vast amount of valuable Information Nothing seems to he wanting to make ji 

a romplete ind standard work of reference on the rt — \aiiftial Mni,acj)!r 

THE SHIPBUILDING INDUSTRY OF GERMANY. 

Compiled and Edited 1)\ G Lfhmann-Fh skowski With Coloured Prints 
Alt Supplements, ind numerous Illustrations throughout the text Super 
royal 4to, cloth . . . A^<’^lO/6 

SHIPS AND BOATS. 

By W Bi AND With nunuMOus Illustrations and Models Tenth Edition 
(_ row Ti H\o, cloth 1/0 

SHIPS FOR OCEAN AND RIVER SERVICE, 

Pi inci])lf s of the C on trnction of B> II \ Sommpriudt Cro\Mi 8vo *1 /6 

AN ATLAS OF ENGRAVINGS 

I o illiisti nt(' flic ibr\c I\\fl\( laigt folding Platt s Ro\ ai 4,to, clotli *7/0 

NAVAL ARCHITECTURE. 

An 1 \po,ition of tin I'lcnuntii) Pnnciplcs J Pj \ki Cr 8vo, 

cloth . 3/6 

THE ART AND SCIENCE OF SAILMAKINQ. r 

By Samuki B Sadler, Practical Sailmaker, late tn the employment of 
Messrs R'its<y and Lapihorne, of Cowes and Gosport Second Edition, 
H vised Tud ciil iigid Plates 410, cloth \ } u\f Net 12/6 

" Tills cxtrenitl) prutlc U work gives a complete education in all the branches of the maiiu 
larture, cutting out, roping, seaiumg, and gonng It Is copiously illustrated, and will form a first 
rate text book and guide — ^ortsnwuih 1 intcs 

SAILS AND SAIL-MAKING. 

W’llh Hi uighting, ind tlu' Centic of I floit of the Sails Weights and 
Si/t'. of Ropi , Misting, Rigging, an<l Sails of btcain Vessels, iSfC By 
K KiiniNi., N A C 1 own b\ o, cloth 2/o 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. 

Also J allies of Spais, Rigging, lilocks, C ham, \\ ire, and Htinp Ropes, &c , 
rclalivt toc^(^^ cl.iss of \ c ssi K Bx K Kmi'ing L row^S b\o, cloth 2/0 

SEA TERMS, PHRASES. AND WORDS 

(Technical Dictionary of) used in the English and French Languages 
(English-French French-English) For the Use of Seamen, En^neers, Pilots, 
Shipbuilders, Shipowners, and Ship-brokers Compiled by W Pirrib, late of 
the African Steamship Company Fcap 8vo, cloth limp . 6/0 

•* This volume will be highly appreciated by seamen, engineers, pilots, shipbuilders and ship 
owners It will be found wondertully accurate and complete —b^cotsman 

SAILOR’S SEA BOOK: 

A Rudimentary Treatise on Navigation By Jamfs Greenwood, BA. 
With numerous Woodcuts and Coloured Plates New and Enlarged 
Edition B) W, H. Rosser. Crown 8vo, cloth . . . 2/6 

“ Is perhaps the best and simplest epitome of navigation ever compiled "—Fteld 
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PRACTICAL NAVIGATION. 

Consisting of the Sailor’s Sea Book by T Grffnwood and W, H Rossfr, 
together with Mathematical and Nautical T ihles for the Woiking ot the 
ProbUins, bvH Iaxn.CP , n id Prof J K \oing T/0 

'A \ I'.t u '(imit ('I mtorm il imi is i (nit ihk tl in ills Mliiiin in<l wn f im \ in i vrrj short 
time that It will l>e s^ ( 11 in f'n lihrirv *11 itnuist «\«n slii|i or \ n. In illo it ff}nif\ ) n/'Iiit.- 

NAVIOATION AND NAUTICAL ASTRONOMY, 

InThtor\ iiulPractirt Plot 1 R ^ m (. town o, ( loth 2/6 

V \ c r\ L oiiiph K tlHiron>,h nnl n i In' in mu 1 1 n tin \onn,iini it u - 1 )/> w ; 7 (/Ao i 

MATHEMATICAL TABLES, 

Foi TriL'niiotiK ti 1C il, \st j onoimc il, in<l \ mlical ( alculalions , to which is 
]>rcfi\( d 1 If \tfL on I 01,1.1, Inns, Iw 11 I \\\, h 1 With T.ibles tor 
\iviginon iiul Nanticil \stioiioMn lU Ihof I K \oin , CIown8^o, 
(loth 4 0 


MINING, METALLURGY, AND 
COLLIERY WORKING. 

THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 

PETROLhUM INDUSTRY. 

• \ Prattled Hamlbook on the hxploration, Exploitation, ami Managnnent 
of Russian Oil Piop'rins, in. huiing Notts on the Origin ot Pf tioh um in 
Russia, I Dtscriptioii ol (he Jtuor> and I’rutne of I i([uid I'U'I, uul a 
1 r insl ition of tin. Rtihs tnd Rr gnlations t om < rning Riissi m Oil Propel ties 
P>y r\ Hf-FCY Ihomi'SOn, \ M I M K,ln« C hiet haigineer nul M in iger of 
tlu h urop' in Petroh nm Conipin\ s Kussi in Oil Piopirlits Ahoiil soo pp. 
With minieioiis I lliistr itions and IMiotogr iplne Plales, nul i M ip ol the 
H d tkh iM\ S ihoont'Ji> Ri>ni in> Oil l-ield l\o> il S\o, tloih A'< ^ £3 3s. 

GOLD MINING MACHINERY. 

#I Is !« » ti' lit, \r ’ iii^ < in< ' 1 , n (1 I I'st ill itiuii \ Pi u ir d 1 1 indhook for the 
use oi Mine Minim is ami 1 ii,, 1 )k<is Im Indiiig piitniilns foi the Pre 
piriti a <'t spi I tin iiunis iinl 1 tlm^l<^ l.\ W (I liNMN, foirm’l) in 
chngeofnu l iiierN it tin M' < te ( old \Iim Wi h ilhisti itioiis Medium 
Oo .1. th \ /i,st .Vi/ 12/6 

MACHINERY FOR METALLIFEROUS MINES. 

• A Practical I realise for Mining Engineer*', Metalluignl and Managers of 
Mines E Hi-nuy Davit , M E, F G S 600 pp With f* olding Plates 

anel other lllu'tr ilions Meiluuu 8vo cloih Net 26/0 

‘ III ils evil iiistu I ly m ii 'i the iiniiy iin I coiiipli x , nis w hn h go to in ikr iti. tin sum total nf 
niaihinery in<l oth< r rLpiiin nnnts h>r Hit iir. « ssli I w orhing of intl illif* rou nitms, it id ns a hook 
of ready retfrciuc is ol the / x tine to iniin in 111 igers uni <Iir«(tors — Mntinir 'foianal 

THE DEEP LEVEL MINES OF THE RAND, 

\n<J ttieir Future Di-velopment considered from tlie Commerci tl Point of View 
By V«Df* NY (of Johannesburg), M N F I M E , Consulting Engineer to 
the Genial Mining and Fm inee Lorjjoratit.n, lAd , of London, Berlin, Pans, 
and Johannesimrg Fully Illustrated with Diagiams and Folding Plates 
Roy il 8vo, hucknm Net 26/0 

Mr lli’iiiu In connmni; himstlf to tin considi r ition of the future of the ileep level mines 
of the R irui hre xks new groun I, mil l>y dc iliiig with the sul>u ct r Uher from a rortunerci il stand 
point t Inti from i v n mihr one, ni>j>e ils to 1 wider in Ic of r« idr rs J he hook c nmot fail to proi e 
of \ery gre it \ due ti. investors in lOUiU Afnc in mines — Mtning^ yom nal 

PROSPECTING FOR GOLD. 

A Flandbook of Practical Infonn.ation and Flints for Prospectors based on 
Persorml Exyienence By Daniki J Rankin, F'RSGSjMRAS, formerly 
Manager of the Central African Company, and Leader of African Gold Pros- 
pecting Expeditions With Illustrations specially Drawn and Engraved for 
the Work Fcap 8vo, leather . Net 7/6 

“Tins well ccmpiled book contains a collection of the richest gems of useful knowledge for 
the prospector s benefit. A special table ts given to accelerate the spotting at a glance of minerals 
associate with gold " — Mtntng y oumat 



24 


CROSBY LOCKWOOD <§- SON'S CATALOGUE. 


THE METALLURGY OF GOLD. 

A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores 
Including the Assaying, Melting, and Refining of Gold By M. Eissler, 
M.Inst M M Pifth Edition, Enlarged With over 300 Illustration^and 
numerous Folding Plates Medium 8vo, cloth . NetQ.^IQ 

“ This book thnrouifhh deserves Its title of a * Prictical Treatise The whole process of gold 
mining from the breaking of the quartz to the assay of the bullion, is described m clear and orderly 
narrative and with inucli, but not too much, fulness of detail — Saturday Keznrw 

THE CYANIDE PROCESS OF GOLD EXTRA^.ION, 

And Its Practical Application on the Witwatersrand Gold Fields and elsewhere 
By M P.ISSLER, M Inst M M With Diagrams and Working Drawings 
Thud Edition, Revised and Enlarged 8vo, cloth Net 7/6 

“This lx)ok IS just what was needed to acnualnt mining men with the actual working of a 
pr >cess whlcli is uol oiilj the rrost popular, but U, as a general rule, the most successful for the 
e\ I faction of gold from tidings — Mtntng^ youmat 

DIAMOND DRILLING FOR GOLD 6: OTHER MINERALS. 

A Practical Handbook on the Use of Modern Diamond Core Drills in Pro- 
specting and Exploiting Mineral Bearing Properties, including Particulars of 
the Costs of Apparatus and Working By G A Denny, M N E Inst M E , 
M Inst M M Medium 8vo, 168 pp , with Illustrative Diagrams 12^6 

“ 1 here IS certniiily scope for a work on diamond drilling, and Mr Denny deserves grateful 
rerognitiun for supidymg a decided want ’ — Mtnxns youTnal 

GOLD ASSAYING. 

A Pr ictu d H uulhook, giving the MotiiA Opoandx for the Accurate Assay of 
Aunfi ions On s uid Bullion, and the Chemical I ests required in the Processes 
of I'.xti Ktion hy Aiualuani ition, C>anidation, and Cnlonnation With an 
Appeiulix of I ibles and St.it istus By H Joshua Phii LIFs, F I C ,FC S , 
Assoi Inst C h , Author of “ P ngim tiing Chemistry,” With Numerous 

Illustrations Largi Crown 8vo, cloth , Net 7/6 

FIELD TESTING FOR GOLD AND SILVER. 

A Practical Manual for Prosp*'ctors and Miners By W H Merritt, 
M N K Inst M E , A R S M , &c With Photographic Plates and^ other 
Illustr itioiis Fcap 8vo, leather Net 6/0 

“Ai. an Instructor of prospectors’ classes Mr Merritt has the advantage of knowing 
exactb the luforiu itioii likily tube most v duable to the miner in the field The contents cover 
all the di tills of s unpling md testing gold ami silver ores A useful addition to a prospectors 
kit — AJtntnj; yojff nat 

THE PROSPECTOR’S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal-Bearing or other 
V.alu.able Mineials By J W Anderson, M A (Camb ), FRGS lenth 
Edition Small crown Bvo, 3/6 cloth , or, leather . . 4/6 

“ will supply a much felt want especially among Colonists, In whoso way are so often thrown 
many niineraJogic il specimens the value of which it Is difticult to determine —Efti truer 

“ How to find coiiimen ial minerals, and how to identify them when they are found, are the 
It ading ptilnts to which attention Is directed —Mtmrtg yjuma . 

THE METALLURGY OF SILVER. ^ 

A Practical Treatise on the Amalgamation, Roasting, and Lixiviation of Silver 
Ores Including the Assaying, Melting, and Refining of SiKer Bullion By 
M Kissikr, M liisi M M kifth Edition Crown 8vo, cloth . 10/6 

“A practical treatise, and a technical work which we are convinced will supply a long felt 
want amongst pracUcal men and at the same time be of v.-»lue to students and others Indirectly 
connected with the hidustnes — Mining y mrn *. 

THE HYDRO-METALLURQY OF COPPER. 

Being an Account of Processes Adopted in the Hydro-Metallurgical Treat- 
ment of Cupriferous Ores, Including the Manufacture of Copped Vitnol, with 
Ch.apters on the Sources of Supply of Copper and the Roasting of Copper Ores. 
By M Eissler, M Inst M M 8vo, cloth . Net 1 2/6 

•• In this volume the various processes for the extraction of copper by wet methods are fully 
detailed Costs are given when available, and a great deal of useful information about the copper 
In lustrj of the world is presented in an Interesting and attractive manner ’ ^Mining yeumal 
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THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion Including Reports on various Smelting Establishments and 
Descriptions of Modern Smelting F urnaces and Plants in Europe and America 
By M Eissier, M Inst M M Crown 8vo, cloth 12/6 

“ The numerous metallurgical processes which are fully and erteiislvely treated of, embrace 
ail me Stages expenenced in the passage of the lead from the various natural states to Its Issue from 
the refinery as an article of commerce — Practtcal Pn^tHser 

METALLIFEROUS MINERALS AND MINING. 

By D C Davies, F G S Sixth Edition, thoroughly Revised and much 
Enlarged by his Son, E Henry Davies, ME, F G S 600 pp , with 173 
Illustrations Large crown 8vo, cloth Nit 1 2/6 

" Neither the practic il miner nor the gener d reader interest <1 in mines, can have a better 
book for his companion and his guide — Mtntn^ youma. 

EARTHY AND OTHER MINERALS AND MINING. 

By D C Davies, F G S , Author of “ Metalliferous Minerals," &c Third 
Edition, Revised and Enlarged by his Son, E Henry Davies, M E , F G.S 
, With about 100 Illustrations Crown 8vo, cloth 12/6 

“ We do not remember to have met with any English work on mining matters that contains 
the same amount of Information packed in equally convenient f >rm — Acaatmy 

BRITISH MINING. 

A Treatise on the History, Discovery, Practical Development, and Future 
Prospects of Metalliferous Mines in the United Kingdom By Robert 
• Hunt, F R S , late Keeper of Mining Records Upwards of 950 pp , with 
230 Illustrations Second Edition, Revised Super royal 8vo, cloth £2 2 a. 

POCKET-BOOK FOR MINERS AND METALLURGISTS. 

Comprising Rules, Formulas, Tables, and Notes for Use in Field and Office 
Work By F Danvers Power, F G S , M E Second Edition, Corrected 
Fcap 8vo, leather 9/0 

" This excellent book Is an admirable example of Its kind, and ought to find a large sale 
amongst English speaking prospectors and mining engineers — En^tneettn^ 

TH^ MINER’5 HANDBOOK. 

A Handy Book of Reference on the suluects of Mineral Deposits, Mining 
Operations, Ore Dressing, &c For the Use of Students ana others interested 
in Mining Matters Compiled by John Milne, F R S , Professor of Mining 
in the Imperial University of Japan Third Edition Fcap 8vo, leather T/6 
"Professor Milne s handbook Is sure to be receherl with favour by ali connected with 
mining, and will be extremely popular among students — Athenaum 

Iron ores of great Britain and Ireland. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them With a Notice of some of the Iron Ores of Spain By 
J D Kendall, F G S , Mining Engineer Crown 8vo, cloth 16/0 

metallurgy of iron. 

Contiining History of Iron M iniifacturo, Mithods of Assay, and Analyses 
of Iron Ores, Procissts of Manufacture of Iron and Stt 1 1 , Ac Bv 
H Bale^man, B G S , A R S M With nuiiu rous Illustrations Sixth 
Edition, revised and enlargtd Ciou n bvo, cloth 6/0 

‘ Carcfullx v\nttcn it h is tin mont of brf vit> iiid (oihisiiks is to h s iiiijiort mt points 
while ill in lien il nutti rs irc vtr^ tiill> ui'l tliuron^iiil^ tnlirflinlo \ta)iiaid 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct- Acting Underground Steam 
Pumping Machinery By Stephen Michell Second Edition, Re written 
and Enlarged With 250 Illustrations Royal 8vo, cloth Net 26/0 

HORIZONTAL PUMPING ENGINES —Rotary and Non Rotary Hokizonial 
Engines — Simtue and compound steam pumps — VEk nCAi PUMPiNf. engines — 

ROTARY AND NON ROTARY VERTICAL ENGINES — SIMPLE AND COMPOUND STEAM 
PUMPS — triple EXPANSION STEAM PUMPS — PULSATING STEAM PUMPS — PUMP 

Valves.— Sinking pumps, &c , &c 

** This roluiiM contains an Immense amount of Important and Interesting new matter 
The book should undoubtedly prove of great use to all who wish for information on the sub 
jecL ” — The Fngtneer 
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PRACTICAL COAL-MININQ. 

An Elementary Class-Book for the Use of Students attending Classes in Pre- 
paration for the Hoard of Education and County Council Examinations, or 
(^)uahf5ing for First or Second Class Colliery Managers’ Certificates,>,^ By 
I H CocKiN, Mt nihcr of the Institution of Mining Engineers, Certificated 
C olliery M in igei , Eeeturer on Coal Mining at Sheffield University College 
With Mnp of the British Coal fields and over qco Illustrations specially Drawn 
and h ngra\ed for the Work ^/^o pages, Crown 8vo, cloth A’r/ A^IS 

" I h( till f>f i xjiosition IS liiLid tlKdiigrmis irc c h ir ind is i ‘ tir t ImoL ’ to put into tlie 
hinds (if 111 (inlirjdnu tolln rj in in i,^( r tin \(ilninn is in tin<iiu stioii iMt sucri ss — Aftntnij- 
yoit) na/ 

FIRST LESSONS IN COAL MINING. 

lot I'se in 1 ‘rirnary Schools By Wiiiiam (iIovir, Headm vster of the 
lliglur St 111,1 itds School, Miesltg, Glamorg in With Di igr ims ind other 
I llusii.ilions, and Inirodui ioky Note hy II I B.i i man, Mcmhcr of the 
In* tUutl m of Mining I ngiiiccrs ( town 8\<) Nit 1 /Q 

ELECTRICITY AS APPLIED TO MINING. 

By Arnoi d Lupton, M Inst C E , lale Professor cf Coal Mining at the 
Yorkshirf Collect, Vk toria Unii ersity , G 1> \sfinali Parr, M I E F , 
A M I M h , Held of the Elecirual Engineering Depirtment, Yorkshire 
College, Victori i University , and Hekhpkt Perkin, MIME, Certificated 
Collury Manager, Assist mi lecturer in the Mining Dtpartment of the 
\oikshirt Collepe, Vi( tor i Uni\ersiiy With .-bout 1 70 Illnstrations Second 
iMinioii, l\( vis'd and I' nl irg( d M'diuin 8\o, cloth [/wri* Puhitf^eii 

Net 1 2/0 

“ I lu noil IS \\( II w ntl< n md e\ n lly snit» d fnr r ipid n fi r« in e irr n to w horn tune is 
fui (ilijrc t of tin hrst nn])ort iiu ( — ltli>urunt 

( inpht lo lind \ pi u < m tin hbrirv ot ill who in nitm t* ’ in On 1 m t dovthipinont of 
this hriiK h of luinini mu un » rnu -/ r, /»/,.///, , t< 

THE COLLIERY MANAQER’5 HANDBOOK. 

\ Comprehensive Treatise on the Laying-oiit and Working of Collieries, 
Designed as a Hook of Rtference for Colliery Managers, and for the Use Coal- 
Mining Students preparing for First class Certificates By Caikb Pamfly, 
Member of the North of England Institute of Mining and Mechanic^ 
Engineers, and the South Wales Institute of Mining Engineers With over 
1,000 Diagrams, Plans, and other Illustrations Fifth Edition, Carefully 
Revised and (iieitls Enlarged 1,200 pp Medium 8vo, cloth Net £1 
r.Koi ora —SH ARCH for coal. -Minhral Lbasps and oriiFR Holdings — 

SHAFT S’NKIN( — iMIINf ITp THI SHAFT AND SOkKACH ARR AN( .H MFN PS — STHAM 
Boil HRS AND TIlFik 1 1 1 TINC s _ p IMBF KINO AND WaLI INO - NARROW WORK AND 
MHlHODb OH WORKINC — I'NOPRl ROUND CONSFSANCK - DRAINAC F — THH GASES 
MKl WIIH IN MINHS VkNTIIAIION — t»N THU rRlClION OP AlR IN MiNPS — THH 

Prihsiman on bnc ink Petkoi hum \nd Natural Gas — Surveying and 

PLANNINI. —SaFKT Y I AMIS AND PiKRDAMP DKT FCT OKS — S l N DRY AND INCIDENTAL 
OPHRAT IONS — COLI IFKl I XPLOSIONS — MlSCFl LANFOUS (Jl'FS^ ION", AND ANSWERS — 
Summary of Report of II M Commissioners on accidents in Mines 

“ ] mineiitly suited to the puiT>ose forwhh h Itls Intcndcvl l»cirnf clear Interesting, exhaustive 
rich in d< till, and up to date giving descriptions of the latest machines Ir every defMUtment, A 
inuiuig engineer could scarcely go wrong who followed this work —Coll rry Grtie./mn 

‘ This Is the nu sc coini lrt«‘ all round work on coal mining punllshM in the EngUsb 
language. No Hbriry ot coalmining books is complete without It —C.i //r>v Enetrert 
(Scranton, Pa , U S A ) 


COLLIERY WORKING AND MANAGEMENT. 

Comprising the Duties of a Colliery Manager, the “sup' iintendcnce and 
Arrangement of labour and Wages, and the different Systems of Working 
Coal beams By H I Bulman, I (» S , Member of the Institution of 
Mining Enpineers, and R A S Rkdmaynf, M , I C. S , Professor of 
Mining in ihe Unucisity of Biinnnghim 4=;o pp , with *28 Plates and 
other illustrations, including Underground Photographs Medium Svo, cloth 

\lu>>t pubh'.htd Net 18^0 

*' Indeed an admirable Handbook lor Colliery Managers, In fact It Is an indispensable 

adjunct ^ a Colliery Managei s education, as srdl as Y)«dng a most useful and interesting work 
on the subject for all who in any way have to do with coal mining —Collttry Guardian 
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NOTES AND FORMUL/C FOR MINING STUDENTS. 

By John Herman Msrivale, M A , Late Professor of Mining m the Durham 
College of Science, Newcastle-upon-Tyne Fourth Edition, Revised and 
Enlarged By H F Buuman, A M Inst C K Small crown 8vo, cloth. 2/S 
“ The author has done his work In a creditable manner and has produced a book that will 
he of service to students and those who are practu ally cnjragfed in nunintf op« rations ’ — hti), mm 

PHYSICS AND CHEMISTRY OF AlININO. 

An h lemcntTry Cl i‘ s Book for tbo use of Stntk nts ptop inng for tlie BoTrd 
of Education and Connt\ Council Exnnin itions in Mining, oi qualify ing tor 
Colliery Manaft i s’ C rrtific itts Bv T 11 B\uom, kliemi*.t to the Wigan 
Coal and Iron C o , 1 td . Ac Whth Illnstr itums C loun S\o. cloth 

[/int PuNiJuil ,\it 3/6 

MINING CALCULATIONS. 

For tin nsr of Stndi nts I'ni^ning foi tlu !■ \ nninations for Cnlllpry 
Managcis’ C^' rtiftr it( ctnnpriMn;; Nimiorous RnU ami Examples In 
Aritlnm tic, Mg( bi i, and M< nsiir ition Bv F \ O’Ponvmm, M F , First- 
^ class C frtiticalcd t oIIk ry M in igcr Ci ov\ n M\ o, clot h 3/S 

COAL AND COAL MINING. 

Bv tin lito Sir WvuiNt.TON W Smvth, M \ ,I RS iMghth Fdilion, 
Rex is( d ind Fxtomh d by I 1 oksti k Brnnv n, ( bict ^nspoctot of the Mines 
ol the ( lown and of tin nnchv of (. otnwall Crown 8vo, cloth 3/6 

‘ 1 rv p<)tiion of 111* \ohinK ippi trs to h im hi f 11 pn j) «1( »l miHi imu li ( in 1 lit hook \v ill 
<lo||hlUs^ inti rest i \ir) 1 uv,« nuiiiht 1 of it ult r - Minu Ion nal 

INFLAMMABLE GAS AND VAPOUR IN THE AIR 

(Ibe Detection and Measurement of) By Frank Ci owes, D Sc , Lond , 
F I C With a Chapter on The Detfction and Measurement of Petro- 
I EUM Vapour, by Bovkrton Rkdwood, F R S E Crown 8vo, cloth 6/0 
" Professor Clowes has given us a volume on a subject of much Industrial Importance 
1 liose Interested m these nutters m ly hi renmnutnih d to study this book, which Is easy of compre 
hension and i ontains many good things — The I<ni,tne^r 

COAL & IRON INDUSTRIES of the UNITED KINGDOM. 

Comprising a Description of the Coal Fields, and of the Principal Seams of 
Coal, with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties Also, an Account of the Occurrence of Iron Ores in Veins or 
Seams, Analyses of each Variety, and a History of thr Rise and Progress of 
Pig Iron Manufacture IB Richard Mfade 8vo, cloth £1 8t. 

• MINING TOOLS, 

Mann il of lU W Moki vns, I irtiiifi ' n Mining m tlu BrFlol School nf 
Mines C row II H\o, cloth 2/6 

Atla-. of I ngrixmgs to the ihoxi, conmning Illusti.itinns drawn to 
Sc lie 4 to 4/6 

Studoiifs OMntiin ( If t «ms M in i >•« i irid \ n wi rs ii lygnn firiMii il I ii<n\ h dge and 
iisi fill hints \ 1I11 stinh it Mr ’'Imnil (»','// >\ ( uituntn 

SLATE A{^D SLATE QUARRYING. 

Scientific, Practical, md Comintrcid Bv D C DAvim, F Cx S , Mining 
Fngini < r, &.c With nunu rotis Ilhisiiations and 1 olding Plitfs fourth 
Edition ( row n 8vo, cloili . 3/0 

*• One of till' hi St Hid hi *^1 h il mted tri iti I s 01 1 jn 1 1 il suhji ( t tint s e li ivc mh t with ’ — 
I }i lUffr 

A FIRST BOOK OF MINING AND QUARRYING. 

By J 11 CoiMNs, 1 GS Crow n bvo, cloth 1 /B 

asbest;o 5 and asbestic. 

Their Properties, Occurrence, and Use By Robert H Tone-., F S.A. 
Mineralogist, Hon Mem Asbestos Club, Black Lake, Canada. With 
Ten Collotype Plates and other Illustrations Demy 8vo, cloth Net 1 6/0 
*' An Interesting and Invaluable work Colliery Guardian 
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GRANITES AND OUR GRANITE INDUSTRIES. 

By George F Harris, F G S With Illustrations Crown 8vo, cloth 2/6 

MINERAL SURVEYOR AND VALUER’S GUIDE. 

Compnsinfi a Treatise on Improved Mining Surveying and th(‘ Valuation of 
Mining ProprrtKs, with New Tra\(r''e Tables By W Linii-rn, C E , 
I'ourth Edition, c nlargfd CrovMi 8vo, cloth 3/6 

“( out nil nnirli v ilii i1>l« informition md is tlioroii^dilv tnistw orlli> — /)i>n an f i oal 
7ia,/,s .t< 

TRAVERSE TABLES. 

For use in Mine Surveying By Wiliiam Lintern, C E With two plates 
Small rrowr bvj, cloth . Net 3/0 

SUBTERRANEOUS SURVEYING. 

B> I I'lMUKi Also tlu M(thodf)f C ondnrting Siiblf rrinr ons Snr\('}s 
without till ns( of the M igrif tic N( < dh , iJvc B> T Bam k (r Hvo 2/6 

MINERALOGY, 

RiidiiiK nfs of By A Ramsa\, 1 GS ronrtli Edition Woodcuts and 
PI ii( s C 1 o\\ n Sv o, cloth 3/6 

PHYSICAL GEOLOGY, 

J*.u 1 Iv b I ( fi on M 1 |oi (i( lu tal Pom t Of k’s “ RudiiiK nts of Gt olog> ’’ By 
IvAi 1 n r\ti,AI S , cVe Woodcuts tb o\\ n h\ o, cloth 2/0 

HISTORICAL GEOLOGY, 

Pirtly bi^i<l on M i)oi (b lu t d Poktt o( k’s “Ruilinunts” By Rm pn 
'J AT 1 ( I ow n K\ o, cloth 2/6 

(lEOLOfJY, • 

BtI^'-If M and IIisi OKU At Gotuistinc of tli< iboM two ^ i iliinif s botind 
togi till 1 t ] ow n h\ o, elnth 4/6 

ELECTRICITY, ELECTRICAL 
ENGINEERING, ETC. 

THE ELEMENTS OF ELECTRICAL ENOINEERINQ. 

A First Ye ir’s Course for Stud< nts By 1 vsoN Sewki i , A 1 F. F , Asy slant 
letluur and Demonstrator in F kctncal F.ngineonng at the Polytechnic, 
Regent Street, I ondon '1 lord F.diiion, Rev ise<i and I nlirged, including an 
AjiiHinlix of (Jiustions ami Answers 460 piges, with ^74 Illustrations Demy' 
8vo, cloth [fust t'lihhshcd f^et 

Ohms 1 aw — t Jni i s ] mfi ox i n in irFriKUAi fn( iNrpkiNr — si kifs and 
Par am 1 1 ( IK( tu 1 S , L \ 1 KI N) 1)1 Nsil \ AM) 1 01 1 M lAL 1>K()} INaUFtlKfUn — 

1 iiF Ufa I iNf 1 1 I 1 f I 01 I HP 1 I 1 ( 1 KH ( t KKi Ni — 1 in Mac Ni I K I 11 1 f i 01 an , 
1 I ! ( I Mf t I'Kkl M — I HP M \( N't 1 IS V 1 ION’ 01 IkON —1 1 1 ( 1 kc) ( III \IISl kX I'KtM \kX 
11 A t 1 Hkll S — A( ( O M t 'I \ I OKs - lM>I< A 1 INf iNSl kUMFM s AMMF I F ks Voi I MF 11 KS, 
OHMMl 1 I KS - n 1 ( I kl( I I X St'IlIX Ml n KS — Ml ASt KINf iNsikL’MlMS AMi 1 HF 
MPASUklMlNl OI lllClkirAL KlSISlANll — M 1 AsO k 1 \T 1 N I OI PoilMIAl Dll 
FJ'KI \'( t lAIAfllX ( I'KUt M S I kl \t 1 H AM > I’l k M I A HU 1 1 . — A Kf lAMPS-iNCAN 
insfPNl I AMPS MAMlAflOkP AM) iNsaAlIAIlON I’HOtOMIlkX — IHP Cf)N 
T INUOl'S ( IIKKI N I DX NAMO — DlkPf 1 C Ukkl M MO I Oks — Al it KNAIINO Ct KKFNts 
— 1 K ANSI OkMl 1 ^ AlllkNMols SXNtHkoNoVS Mo 1 Uks - IHU X PH ASk W OKKIM — 
Ainu MUX OI tJlM si IONS AND A\sW 1 ks 

“An iMilljiit tr» Uisi for stu Itnts of the elnnent iry ficts connected with electrical 
ongin« « nne —1 nt I etruuin C 

• Oiu of tlu lust hooks 'or those conimencingf the studx of electncal engineering F verj 
thing is e\ul uiu d in simple I uigu gc wlncli evt iialHginner < iiiiuit f ol to i nders' ind — 

“ (.)ne M tk oiiu s tins hook whu li is sound in its tieatinent and adinir it)!}' calculated to give 
stmienls tlu kiivjvi U ligt out mtiirni iiu'u tlie} most n nu'r^ 

ELEMENTARY ELECTRICAL ENOINEERINQ 

In 'I heoi \ uid l^ixctue 'V C lass hook for Junior and Senior 'students, and 
Working Fltariciins By J H Ai exanufk, M IJ , A I F F With i8i 
Illnsli itions Clown ''\o, i loih [Just Published A'ct 3/6 

THE ELECTRICAL TRANSMISSION OF ENERGY. 

A Manual for the Design ot Flectrieal Circuits By AKTHifk Vaughan 
A imoTi C F> j Member Vtnerican Institute of Fbectneal Engineers, Member 
American Institute of Mining F^ngincers, Member American Society of Civil 
Engineers, Member American Societx of Mechanical F^ngineers, &c With 
Ten Folding Diagrams and Sixteen Full-page Engravings. Fourth Edition, 
entnely Re-Wntten .and F'nlarged Royal Svo, cloth , Net 30/0 
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ELECTRICITY AS APPLIED TO MINING. 

By Arnold Lupton, MlnstCE, MIME, MIEE, late Professor of 
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager , G D Aspinall Parr, MIEE, A MIME, 
Associate of the Central 'lechnical College, City and Guilds of London, Head 
of the Electrical Enginet ting Department, Yorkshire College, Victoria 
University, and Hekbfrt Pfkkin, M I M E , Certificated Colliery Manager, 
Assistant Lecturer in the Mining Department of thv. Yorkshire College, 
Victoria University With aloul 170 Illustrations Second Edition, Revised 
and Enl irged Medium 8vo, cloth SJnd rubltskid 

ELECTRIC-WIRINO, DIAdRAMS & SWITCH-BOARDS. 

\ ork on i lu I lit o) 5 Old 1 Esign of W 11 iin, t 11 cun s \ Jh it tn d Guidt for 
Wirtintn, Conliactois I 1 i^inttr , \iclntci is, ind idle is intnisttil in the 
ajiplic It 1011 I lf U cti u ns i > IlUnun ai ion »nid po\\ ci I’-s' N i \v 1 »>n H akkison, 
h E , liisti U' toi ni 1 ' Ici tru il h nunn i 1 mg in the Nt\\nk(US) 1 cclnncal 
Sclio il With 10 1 llustiaiiDns C rown ovo, t h th 

{Just PuhlisJud Act 5/0 

CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 

1 heir Mitel lals and Manufacture, 1 he CaEul ition of Circuits, Pole-Line 
Construction, Undergiound Woiking, .ind oiln i Uses 11 F A C Perrine, 
•\ M , D Sc , formerly 1 ‘rofessor cf Electi ical Engineering, Leland Stanford, 
Jr , Universitj , M \nicr I E h 8vo, cloth AV/ 20/0 

CONDI CIOR M A I 1 KMAI S— Al 1 OV I'D ( ( ND t ( 1 o KS— M AN UP A( I C K F OP WiKl — 
WIKP 1 INIsniNi — AV IKl INSI I AllON— ( Al 1 1 s- (. M LA 1 loN DP C1K( UIls— KHI VIN S 
1 AW OP I ( ON'UMV IN ClJNDlLIOK -Ml I 111 II A K< 1 Ms I M 1 U I ION — A 1 I I KNAl INt. 
tUKRINT ( Arr’ I A I ION— OVhKllPAD LlNPb— I’ol P LiNP — I INE INSU I A 1 OKS— U N DP K 
CKOUNU CONDCCIOKS 

DYNAMO ELECTRIC MACHINERY: its CONSTRUC- 

TION, DESIGN, and OPERATION 

By Samuel Sheldon, A M , Ph D , Professor of Physics and Electrical Engi- 
neering at the Polyieciinic Institute of Brookijn, assisted by H Mason, B S 
In tivo volumes, sold separutdv, us follows — 

Vol I— DIRECl CURRENl MACHINES hifth Edition, Revised Large 
^ ciown Svo 280 pagt s, with 2<x3 Illustiations Abet 12/0 

Vol II — 4 L 1 ERNA 1 ING CURRENl MACHINE S L irgt crown 8vo 260 
pages, with 184 Illustrations Abet 12/0 

Designed as Test hooks tor use in Ttclirac il I .luniK n i! Instuiilions and liy I iigineers 
whose work includes llic haiidlmg of Direct and Altcni uing Curitnl M iclnncs respectively, and 
for btudeiils jirolicient in niathem itics 

JOYNAMO, MOTOR AND SWITCHBOARD CIRCUITS 

FOR ELECTRICAL ENGINEERS 

A Practical Book Dealing with the sulijcct of Direct, Alternating and Poly- 
phase Currents By Wii liam R Howkfk, C E , M 1 , 1 E , Consulting 
1 ramway Engineer 8vo, cloth Net QlQ 

■ Mr Ilmvl I 1 liook ton as thntl> of m igr uiis of t< in ’( lion wi'ti lioit < x))! in iiury 
notc-^ iln It I t o\tr hki ill i^i uii iiul the < i t -• coiisidt r« 1 m < i di tin more imiiort mi tiicuits, 
ulictlicr in tilled current ^ingk ; h i < or poUplu t \sork - \utiiK 

AR1VIATUI4E WINDINQS OF DIRLCT CURRENT DYNAMOS. 

FvXtension and Application of a (rcneral Winding Rule By E Arnoi i>, 
Translated from the German by t B De Gress 8vo, cloth . Net 12/0 

POWER TRAN5MITTED BY ELECTRICITY, 

And applied by the Electric Motor, including Electric Railway Construction 
By P Atkinson, \M , PhD Ihird Edition, hully Revised, and New 
Matter added With 94 Illustrations Crown Svo, ciotn Net 0/0 


THE MANAGEMENT OF DYNAMOS. 

A Hanflybook of Theory and Practice for the Use of Mechanics, Engineers, 
Students, and others m Charge of Dynamos By G W Lummis-Patbrsom. 
Third Edition, Revised Crown 8vo, cloth 4/B 

** The subject Is treated in a manner which any intelligent man who is ht to be entrusted witli 
charge of an engine should te able to understand. It Is a useful book to all who make, tend, or 
employ electric machinery "^^Archtua 
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DYNAMO CONSTRUCTION. 

A Practical HandHook for the Use of £n(;iiieer>Constractors and Electricians* 
in-Charge By J W Urquhart Second Eklition, Enlarged, with 114 
Illustrations Crown 8vo, cloth . .... * 7/6 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs Containing Illustrations and Detailed 
Instructions for Constructing a .Small Dynamo to Produce the Electnc Light 
By Alfred Crofts Seventh Edition Crown 8vo, cloth . . 2/0 

WIRELESS TELEGRAPHY; 

Its Origins, Development, Inveniujiis, and App.aiatus By Charles Hi-nry 
bawAiL With 85 Di igraius and Illustrations 8vo, cloth AVi? 10/6 

SUBMARINE TELEGRAPHS. 

Their History, Construction, and Working Founded in part on WIjnschkn 
DORFK s “ Iraitd de Telegraphic Sous Marine," and Compiled from Autnorita- 
live and Exclusive Sources By Charles Briohl, R S K , A.M Inst C E , 
M 1 K E 780 pp , fully Illustrated incluaing Maps .uid folding Plates 
Royal 8vo, cloth JV'et £3 3 «, 

' This idiinnblc vohimi must for ninny yenrs to Lotne, liuki the position of the liiighsh 
classK on subiti'iniu teUgraphy — J nf’tneer 

ELECTRICAL AND MAGNETIC CALCULATIONS. 

For the Use of KlfCinc.il Kiigmeers and Artisans, 1 e.icners, Students, and all 
othets inicrcstfd in the llu or^ atul Application ot Klectncitj and Magnetism 
By Prof A A A i kinson, Ohio University Crown 8\o cloth JSet 9/0 

1 o tt u ti( rs iiul Ih'ist wlio »lr« tilv possess t f nr kiiowli <lge of tlicir subject we c in ret niii 
iiimkI tins Iniok is bt mg list fnl to t oiisult vmu u i« <iiimiig d it i or loriuula; which it is neither con 
vt tiieiii nor micssary to ret tm by incnioiy -~1 he J mfmtan 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Kncyrlopaidta of Words and lerms Used in the Practice of Electrical 
Engineering Containing upwards of -^,000 dchnitions. By 1 O’CoNOK 
SiOANK, A M , Ph D J bird Edition, with Appendix Crown 8vo, 690 r>p , 
^Qo Illustrations, cloth 7/0 

"Tim work has m my attrat live features la It ami Is Intyond tloubt a well put together and 
us* fu! publication The amount of ground covered may be gathered from the fact that In the mdex 
alxuit 5,000 references will ite found — hitctrxcal Kevtrw 

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF). 

Bv Alan A Camebeli Swinton, M Inst C E , MILL Sixth Echtion 
With 16 Illustrations Crown 8vo, cloth . . 1/6 

ELECTRIC LIGHT. 

Its Production and Use, Embodying Plain Directions for the Treatment of 
Dynamo Electric Machines, Batteries, Accumulators, and Electric Lamps. 
By J W. Ukquhakt, C E Seventh Edition Crown 8vo, cloth 7/6 

" The whole ground of electric lighting Is wore or less covered and explained In a very clear 
and concise manner — t.uci*\cal Rrvxctu 

ELECTRIC LIGHT FOR COUNTRY HOUSES. 

A Practical Handbook on the Erection and Running of Small Installations, 
with Particulars of the Cost of Plant and Working By J H Knight 
hourih Edition, Revised Crown 8 \o, wrapper . 1/0 

ELECTRIC LIGHT FITTING. 

A Handbook for Working Electrical Engineers, embodying Practical Notes on 
Installation M.iitagement By J W Ukquhart With nuptcrous Illustra- 
tions. Fourth Edition Revised. Crown 8vo, cloth 6/0 

* This volume deals with the mechanics ol electric lighting and Is addressed to men who 
are already engaged in the work or are training for It The work traverses a great deal of ground, 
and may be road as a sequel to the author's useful work on ' Electnc Light ^ —hUctrxcian 

ELECTRIC SHIP-LIGHTING. 

A Handbook on the Practical Fitting and Running of Ships’ Electrical Plant 
For the Use of Shipowneis and Builders, Marine Electricians, and Seagoing 
Enginerrs-in-Chargc By J W Urquhart, C E Crown 8vc, cloth 7/6 
*' Mr I rquhart is to l>e nighly complimented for placing such a valuable work at the icmce 
of manne electncians -^The Sttamskip 

DYNAMIC ELECTRICITY AND MAGNETISMS 

By Philip Atkinson, AM, Ph D , Author of “ Elements of Static 
Klectriciiy," &c Crown 8 vo 417 PP * with xao Illustrations, doth 10/6 

THE STUDENT’*! TEXT-BOOK OF ELECTRICITY. 

By H, M. Noad, !•.£ S 650 pp , with 470 Illusuations Crown 8vo, cloth 

9/0 
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PORTFOLIO OF MEASURED DRAWINGS. 

K-iULti b) the bchoiil of Arcl)ittc ujt of ol Li\tip.)ol J (> bw 

published annu ill> uiaKr the \liieilioM of l’i<>lcssoi ( J1 l\l ii l y t oii- 
t iliiitiK me suied di lui ij^s (^iiu liiclim; del ii'nl diiuiii^s iiid eoiitouih of 
mouldings) of not ible bui'iliiie.s i.i l.ieit 1 iiliiii and liiluid, md »'M iIk 

C oiitment 

le ich volume will b< piotlmed i.i loho wilh ibout ,o full-jjige plates and 
deseilj)tive ItLleipuss 

\ 111 1 (ontlilis ii-Olil|.kl< 1 xli ml Shim \ of llu t(ill> uiii^ I null Iiiil, . w i* li ili I iil (1 r i u 

to i 1 ir>,e SL iK I 111 I i>\\ \ il a 1 1 U I Ul ( t il 7 11 V I 1 s I 111 ! U \. f I il I HI I’l 1 1 I 

I KIAMIN \ I K \ll I I 1 1 \ I I - I III 1' \1 \< 1 Ml 1 HI t I VM > 1 K 1 VNt >\ \ 1 Ks \11 1 I S 
4J’JA11i Il!)ll-^Jl)MJIl>lsl lllMiN^llVII'^ llll <nv\(im lelSs|\ti()N 
I'AI \( I ^ IM \ M llll Si \ \ I t II It I ( \MI I I.H J { )'l \ I I s nil 111 a si l)| 

I’kiiN IDl M I n'Ni. I I I \\l I l\ I I I II II > n \ l I I HIM I III I 111 lit It I 111 I'KiiV I 

i»h M I l IM \ I I M \ l\ I). I. )) W s\ I nIU I I 111 ti" \ \ |i| SI I I Ml I > II \ l I I l \ I M Hill , 

1 n V ji f VI - 1 ii I \ \ ( nt ( Hi \ M V F 1 1 I 1 1 VI I I 1 11 u I II III Ai 1 I t 11 , III II 1 1 1 s I ri \ 1 1 

* Luhei loose 111 leliith I*oilfiili> m bouiul lu cloth At/ 21/0 

SPECIPICATION 5 IN DETAIL. 

li) fKANK W Mahi\, Architect, Aulhoi of “ ( onditions of Contract." 
SeCvmd hdition, Revised md J'lihugcd, coiii untng O 44 j p , ami Illusira 

tions Koj al Svu, cloth . At/ 221/0 

^UMMAK> 01 C ON 1 i N ts — < FNI kAl N O 1 1 — SI hi 1 1 t< Al loN (1 WoKK- AND 
I Ul (.HNhKAL ( ONDll ION- — 1 Kl 1 1M.NAK\ 1 I I MS (INilHDIM SHOkINl AND 

House HKFAlCi k) -DRAlNAt H DN( l UD1N( Kainwaiik WHLI S and khPOKIS) — 
I\eAV''A10R (IM LUDING CoNlRIlH I t OOKs KoOLs SIAIKS AND WALLS) — 
PA\ lOR — Bkle KLAl PR (IN( LI I»INv JllNlWOkk R I V k AN D O 1 HI' k W AI t IN‘ SPRING* 
WAi HR WELLS, SlV)KA( P 1 ANKs. 1 VlUNTAINS 1 II 1 HKS 1 '7KRA C OTI A AND i AIHNCH) — 

Mason —Car ELM EK J hnek and ikONMONi.HK (isriDDiNt I hm ing and I'd ini i — 
Smith and I ot ndek hn( i imum Heaiinv l irk iimikanis Si ai i u and ( ow iiousK 

1 IT! INf S) - SLAIPRHNC LV DlNi SIAIF M ASONI — I ILHR — S 1 ONI' 1 II H I — SliINt Lhk — 

1 HAICHEK - Pi I Ml 1 K (INf I DIMNe^ Ho 1 WAIPK Wt)kK) — /IN( WORKER — LOl PER 
SMITH — PLASl 1 KLk — < . - 1 I I M K - ID I I HANi Hk - (,I A/lHk — I'AINrKK - I'AI HR 
HANV PR — < ESI LAI Kl I AIKS AND AL 1 I RATIONS — V EN 1 iLAlIO^i - KuAD MAkINl — 
LLECl RIC I U H 1 - IM)1 V 

stroiielv ulvist t .• r\ Miuli nt tu p ireli iic tlu' vuIuiik nidio'hilh tuilj'il wlulilullie 
older pr iL t itii XH i vv c vv i niltl sJ^ ,liocUl>i o lumstu eltilworl ultileicni.t — 1 1 1 hititt ittul 
^IssiKtation \oUi 


LOCKWOOD’S BUILDER’S PRICE BOOK for 1906. 

A Comprehensive Handbcnik of the Latest Prices and Data for Builders, 
Architects, hngincers, and Contractors Pe-construcied, Re-written, and 
, GreatU Enlarged By Jrancis 1 W Miller 8oo closely-printed pages, 
crown 8 VO, cloth Pui>ltihed 4/0 

'* An cxi'eUent t>ook of leicrtiif'e — Architect 

“ Coiniaclicnsiv c, reliable, well arranged, legible and well bound —British Architect 


PRACTICAL BUILDINQ CONSTRUCTION. 

A Handbook for Students Preparing for Examinations, and a Book ci 
Refcience for Persons Engaged in Building By John Parnell Allen, 
Surveyor, Lecturer on Budding Construction at the Duruam College of 
Science, tfs’ewca.stle on Tyne tourth Edition, Revised and Enlarged 

Medium 8 vo, 570 pp , with ovci 1,000 Illustrations, cloth Net 7/6 

“ 1 he author depends nearly as much on his diagrams a.s on his type The pagtes suggest 
the band of a man of experience in buihhng oijeratlons — and the volume must be a blessing to 
many teachers as well as to students — 1 he A rchitect 

a handbook on REINFORCED CONCRETE. 


for Architects, Engiuetrs and ( 
chusetis lasliLute of lechm>lug>, 
cloth 


o'ltiaciors L> 1 J> Wakpkn, M.isim* 
with IIIujH itl ms, 271 pages Crown 8vo 

publtsluii Net 10/6 


• l-S-iK-tc* ikOM I'KLmv I 

1 he book is dividtcl intu four p irts Part I gives t gtn« r il Imi concise rt.sumc of the subject 
from a proctical siaiid|)oint bnngmg out some of the diflicultu's iin t with in jiractice anci 
suggesting rt-ijicdu * C ndcr Part 11 is comj/ilcd a senes of tests justifying the use of various 
touswnts and ct>-etTicicuts in im paring th« Ubles uiidi r Part 111 Part 111 coni nns a Sorw . of 
1 al) es from whu li it is hopv u tfit di sign« r m i> ol.i on all m cess iry mfr nii ition to nitct the more 
toiruuon casts in prartu c Part IV' treats of the design ofirusscd roots from a practical standpoliit. 
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SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder Upon the Basis 
oftheWorkbyA Bartholomew, Revised, by F Rogers 8vo, cloth 15/0 

“ Oneol the Looks with wh ch every young architect must be equipped,' — IrchtUcf, * 

SCIENCE OF BUILDING: 

An hlenientary Treatise on the Prinrjples of Construction By E Wynd- 
JIAM Takn, M a Lond hourth Edition Crown 8vo, cloth 3/0 

ART OF BUILDING, 

Riidinii nts of Gtrieial Principles of Construction, Character, Stiength, , 
and Use of IMat( rials, Prep)aration of Spccihcations and Estimates, &c 
By EnwAKD Dohson, M Inst C E Fifteenth Edition, revised by J P 
AiLhN, L' dun 1 on Buildirif^ Construction at the Diiihaiii College of 
Seienei C rou n 8vo. cloth 12/0 

‘A good book for pi j- tic tl knoultdge ind iboul the best to be obtained —Builditu; ISeivs 

BOOK ON BUILDING, 

Civil and 1 ccUsi.isticd Ity Sii Edmund Bi CKfc,'n,Bart , I I D Secor^ 

1 ihtion Crown H\o, eloth 4/o 

A lioolv ulinliis tl\i tj s inuising ind in trij ilw.iys iii'-tnn tive — / 

BUILDING ESTATES: 

A Tii.itisc on tilt Dt v( lojuiu nt, Sale, Purchase, and Managtuieiit of 
Biiiltliiig I and liy h Maiiiami I'ouith Edition Ci own 8vo, cloth 2/0 

Mils book lioiild midoiiliK (ll\ Ik iddt d to tlu libriryof every profession il nun ilet^ing 
willi building 1 ind - land I < \ Ak < a; </ 

COTTAGE BUILDING. 

By C Bkocf Aiiin Twtlfth Edition, with Chapter on Econoiinc 
Cottages toi Allotments by E E Ai lln, C E Crown 8vo, doth . 2/0 

DWELLING-HOUSES, 

F'ltction of, illiistritfd by a Peispective View’, Plans, Elevations, and 
Stdioip ol aJ’airof Villas, with tlu Specihcalion, Quantities, and Estimates 
By S H Bkooks Ciow'ii bvo, cloth .2/6 

FARM BUILDINGS: 

Ihtir Aiiaugtment and C onsti uction, with Plans and Estimates. By Pro- 
tessoi J StoiT Clown hvo, cloth 2/0 

‘ Nooiu n lio IS L dll d upon to di sign firm binkhngs ean afford to be without this work ’ — 
lUuldi ) 

SHORING, , 

And its A])plication B> C H Biagkovi Crown 8 vo, cloth 1/6 

\\ c u L oninn nd tin \aluibk tri ilisc lo ill slmUnts ’ — huildm Auti 

ARCHES, PIERS, BUTTRESSES. 

By Wii LIAM Bland Ciown 8vo, cloth . 1/6 

PRACTICAL BRICKLAYING. 

Geiuial Punciples of Bricklaying, Arch Diawing, Cutting, and betting, 
Pointing, Paving, Tiling, &c By Adam Hammond With 68 Woodcuts 
Crown 8vo , clotli . 1 /0 

l lie young brickl lyi r ^ ill lind U nifiiiitcly valii ible to Iniii — (,/ac om Hu aid 

ART OF PRACTICAL BRlCK-CUTTINQ AND SETTING. 

By Ad\m Hammond With yo Engiavings Ciown 8vo, doth 1/6 

BRICKWORK: 

Embotiymg the Cxtiieral and Higher Punciples of Bricklaying, Cutting and 
Sitting, with the Application of Geomrtry to Roof Tiling, &c By F 
Waikmi Ciow 11 h\ o, doth 1/0 

"Loiitains all that a student iiccils to learn from books —Butldiiii^ Actvs, 

BRICKS AND TILES, 

Rudimentary Treatise on the Manufacture of Containing an Outline of 
the Principles of Bnckniakmg By E Dobson, M R I B.A Additions by 
C Tomlinson, F R S Illustrated Crown 8vo, doth 3/0 

" 1 he best handbook on the subject We can recuiamend it as a good investment ” -Builder, 
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PRACTICAL BRICK AND TILE BOOK. 

Comprising Brick and 1 ile Making, by E Dobson, M Inst C E. . Practical 
Bricklaying b> A Hammond, Brick Cutting and Sitting, by A Hammond 
550 pp , with 270 Illustrations, strongly half bound . 6/0 

PRACTICAL MASONRY. 

A Guide to the Art of Stone Cutting Comprising the Construction, Setting* 
Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, Penden- 
tiveSj Vaults, Tracer^ Windows, &c , to which are added Supplements 
relating to Masonry Estimating and Quantity Surveying, and to Building 
Stones and Marbies, and a Glossary of lenns For the Use of Students, 
Mason® and Craftsmen By W R Purchase, Building Inspector to the 
Borough of Hove l*ifih Edition, Enlarged Royal 8vo, 226 pp , with 5a 
Plates, comprLsing over 400 Diagrams, cloth . Nei 7/6 

“ The book Is a practical treatise Most of the examples ,irc from actual work 

carried out It should be found of general utility to architectural students and others, as •well as to 
those to whom it is sueciallv addressed,’ — o/ tht Koyal institute of British Architects 

A\\SONRY AND STONECUTTING, 

The Pniiciplt s of Masonic Projection, and their Apidicalion to Construc- 
tion By h Dobson, M R I B A ( lownbvo elotli 12/6 

MODERN LIGHTNING CONDUCTORS. 

An Illnst’aled Supjilenunt to the Kijiort oi tin I ightiiing Resiaicli Coni- 
nmite ot i(j05, wuh Notes is to tin Miihoilsof Piooction, lud Sjjoclhca- 
• tions Xiy Kit LiN(. worn H Iliin.rs, M Inst C I' , M 1 I* h , Honorary 
Stcretary to the Lightning R( search C oniniitD i , Author ot “ Xiuciic.in 
Street Railvva>s ” Medium 8vo, cloth [/i<'>t Publi'^htii A'e/ 6/6 

*' 1 lie illiistr Uioii ire M*r\ iiilv*\rf sting iiidp*? oiu » clc.ii idi i nl u li it is likcl> to li ipjif n 
when a luiildiMg IS struck ti> Mr Hid^i su, sUous ol pns ihU n isun why icitaiu 

protectid hmldin^'s wtic struck ire instrnrlu* lit us<> exp) mis llii mo<l< ni nii llnuls nf httiiig 
l)uildiiit.s null iichlimig t ondut tor lo tiu ohIiiimv u ult i llit In lok u ill I »< of iiiliust, nid to 
nnvom uJio )i is t<j dtsign ,( s\st«m tor prittt i tins » huildint. iiom li>,litiimg sliokcs it will he 
helpful hnudet 

1 lie duiM>;t. (kmc I>\ kv^litmng to \ «nous 1 iuldiuv.s tlnou^,lRiut Iht ( oimtry is sliown by 
sketches and pliolograplis w I itli 111 ikt tlu pith of tin liplilnmt (k t Iiitlu IkioI will bi IoiimiI 
tlie siigyt stioiis Mill 1 lilt 1 of the K< se tn h ( oiiinntti •, vviiu h \\t ic iliauo up i(ti i i c onsidi i ilioii 
of tlic rljiorts on ri 1 11 1 ,« iiiiiiiIh r of liphinnic -.irolis 1 h< s< irt ( oiiinn iiit d in b} tin iiithor, 
■who ^iscs also sonit pt i ifu .itnm > \ liuh will > uidc surxt^ms uni ii liittils in the rl^ht 
direction 1 he nitorni itmii given in th< \oluim i , most v ilii iblt —J /iiimai / nitet 

MODERN PLUMBINQ, 5TEAM AND HOT WATER 

MEATINO. 

A Work for tiie Plumber, the Heucing Engineer, the Architect, and the Builder 
• By J J Lawi ER With 284 Illustrations 4to, cloth Net 21 /“ 

PLUMBING : 

A Text Book to the Practice of the Art or Craft of tin I’luiubtr With 
Chapters upon House I irainage and Vtnlilatioii 1 -y \V m Pa ion But han 
N inth Edition, witli 512 Illusti ations ( ro\N n bvo, t loth 3/6 

• A text I «>uk vvlimti liny ia s di tv pu' into iht h oid of <v(iv > oun^' plumber, iiid winch 
will al.o be found useful bj areSin 1 ts md im dit d proii .sor / / (Ao r 

HEATINQ HOT WATER, 

VENTILATION AND HOT WATER SUPPLY. 

Bv Waiter Jones, M I M E j6o pages, with 140 Ilk strations. Medium 
8vo. cloth Net 6/0 

THE PRACTICAL PLASTERER: 

A Compendium of Plain and Urnamcntal Plaster Woik By W, Kfmp 
C rown 8vo, cloth . • • 2/0 

CONCRETC: 1T5 NATURE AND USES. 

A Book for Architects, Builders, Contractors, and Clerks of Works. By 
G L SuTCi iffe, A R 1 B a Second Edition, Revised and Enlarged. 396 
pp., with Illustrations Crown 8vo, doth. Publtsfud. Net 9/0 

* Tbe fills a long felt gap I is careful and cxliiusrfive , equally useful M a studen 

guld* andana'chUect's took ol ref«t«HiCe.'’— ywrwtf/ 4^ /A« XeyaJ Institute e/ BriHth ArchiHuts 

1 . 
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PORTLAND CEMENT FOR USERS. 

By the l.ite Hfnry Faija, M Inst C E Fifth Edition Revised and 
Enlarged by D 13 Butler, A M Inst C E Crown 8vo, cloth . 3/0 
” Supplies in a small compass all that is necessary to be known by users of cemeilL 
AWi/r 

LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASrERiNG, Ac 

By G R Burnell, C E Fifteenth Edition Crown 8vo, bloth . 1/6 

MEASURING AND VALUING ARTIFICERS’ WORK 

S 'he Student’s Guide to the Practice oQ Containing Directions for taking 
imensions, Abstracting the same, and bringing the Quantities into Bill, with 
Tables of Constants for Valuation of Labour, and for the Calculation of Areas 
and Solidities Originally edited by E Dobson, Architect With Additions 
by E W Tarn, M A Seventh Edition, Revised Crown 8vo, cloth 7/0 
'•The most complete treatise on the principles of measuring and valuing artificers’ work " 
^Butldxn^ Neivs 

QUANTITIES AND MEASUREMENTS, 

In Bi ickldj^i I s’, M.ison^’, I’lasteieis’, Pluuibur-^’, Painters’, Paperhangers’, 
(jilihis’, Smiths’, C,aip«nt<rs’ and Joiners’ Work liy A C Blaton, 
Surveyor Crown bvo, cloth 1/6 

“ 1 Ins b(i(jk IS iiidisuens tble to buiUb rs and llieir <|u intitj clerks — } IikH AUihauu 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors Containing Technical Directions for Measilring 
Work in all the Building Trades, Complete Specifications for Houses, Roads, 
and Drains, and an Easy Method of Estimating the parts of a Building 
collectively By A C Beaton 'I enth Edition Waistcoat 'pocket size 1/6 
" No builder, architect, surveyor, or valuer ihould be without his ‘ Beaton i—Butldtng^ News 

COMPLETE MEASURER; 

Setting foith the Me isnre me nt of Boarels, Glass, Timber, and Stone By 
K lIoRioN Sixth Lehtion Crown bvo, cloth 4/0 

THE HOUSE-OWNER’S ESTIMATOR. 

Or, What will it Cost to Build, Alter, or Repair? A Price Book for Un* 
professional People as well as the Architecture Surveyor and Builder By 
J D Simon Edited by F T W Miller, A R 1 B A Fifth Edition 
Carefully Revised Crown Bvo, doth . . . Net 3/6 

"In two years It will repay Its cost a hundred times over — Fteld 

HANDBOOK OF HOUSE PROPERTY. 

A Popular and Practical Guide to the Purchase, Tenancy, and Com* 
pulsory Sale of Houses and Land, including Dilapidations and Fixtures : 
with Examples of all kinds of Valuations, Information on Building and on the 
right use of Decorative Art By E L Tarbuck, Architect and Surveyor 
Seventh Edition izmo, cloth 6/0 

‘ The advice is tluirouglily practical .’ — I aw yourfiat 

" 1 or itll who have dealings wnh house property , this is an Indis^iensable {p|ide — Decoration 
" Carefully brouglit up to date and much improved by the addition of a mvislon on Fine Art 
A well-written and thoughtful work —Land Agents Retoxa 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Large 
House in Linear Perspcciive Illustrated by 43 Folding Plates By F O 
Ferouson 1 bird Edition Bvo, boards 3/6 

" It Is the most intelligible of the treatises on this ill treated subject that I have met with ' — 
H. iNGKHss BhlL, fcsy , in the R 1 b A Jouma, 

PERSPECTIVE FOR BEGINNERS 

hor Students and Amateurs in Architecture, Painting, &c By G Pyne 
C rown bvo, cloth .... 2/0 

practical rules on drawing. 

For the Builder and Young Student m Architecture. By G. Ptnb. .to 7/6 



ARCHITECTUItE, BUILDING, S>c, 


THE MECHANICS OP ARCHITECTURE. 

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects. 
By E. W Tarn, M A.. Author of ‘‘The Science of Building," &c Second 
Edition, Enlarge Illustrated with 125 Diagrams Crown 8vo, cloth 7/6 
" The book Is m rery useful and helpful manual of architectural mechanics ’ — BuUdtr, 

A HANDY BOOK OP VILLA ARCHITECTURE. 

Being a Series of Designs for Villa Residences in various Styles With 
Outline Specifications and Estimates By C Wickbs, Architect, Author of 
“The Spires and Towers of England," &c 61 Plates, ato, half-morocco, Rilt 

edges £1 11 a. In. 

•decorative part of civil architecture. 

By Sir William Chambers, F R S With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt, FSA 
Revised and Edited by W H Leeds 66 Plates, 410, cloth . . 21/0 

HINTS TO YOUNQ ARCHITECTS. 

By Glorgc Wightwick, Architect, Author of “The Palace of Architec- 
ture," &c , (SlC Si\th Lditioii, revised and tiilaigtd b> G Huskisson 
Guillaume, Architect Ciown bvo, cloth . 3/0 

“Ou^lit tube (.on'iuiered as nece sirj a piiulnse is i box of lustruiiu ills — Itt/tidct 

THE ARCHITECT'S GUIDE. 

Being a Text-book of Useful Information for Architects, Engineers, Surveyors, 
Contractors, Clerks of Works, &c By F. Rogers Crown 8vo . 3/6 

ARCHITECTURE— ORDERS. 

The Orders and thcir /Esthetic Principles By W II I i lds Cr 8vo 1/6 

ARCHITECTURE- 5TYLE5. 

The History and Description of the Styles of Aicliiti ctiire of Various 
Countries, Iroiii the Earliest to the Piesent Pi nod By J 1 ai nor Buky, 
F R I B A , 6cc Illustrated Ciown bvo, cloth 2/0 

“Okoers and Stvlls op Arc hi tli turi in I ol 3/6 

ARCHITECTURE-DESIGN. 

'{he Principles of Design in Architectuie, as ihdiicible from Isaturi and 
exemplified in the Works of the Gieek and Gothic Architeet'- By Envv 
L Gakhi TT, Architect C row n bvo, cloth 2/6 

“WekntJH no trk lliit %m moiiM soonfr rcc omiiirnd to in illtiUivi' rf id* r fU sirons lo 
obtain clear Meusof tlir n<iUtre of ar< lutrctiir il irt Jlieliookis i v dii it)li mn lUtihitt 

Iht three pULcdiUf' IVoths ut Out- /iflin/sonic To/, halj boutuf, entitled 
“Modprn Akchii I c Ti m - pint QIO 

ARCHITECTURAL MODELLING IN PAPER, 

The Art of B> T A Richardson Crown avo elnth . 1/6 

‘ A \aluablc lul to thr practice of irchilci tur il niotlellinj, — luttn/rr s U n A 'y tcf 

VITRUVIU5 — THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLIO. 

In Ten Books 1 ranslated from the Latin by J Gnuli Witli j j Plati s 
C rown bvo, cloth . . . 6/0 

N B — This ts4he only Edition of Vitkumls ptocuxible at a viodeiate price 

GRECIAN ARCHITECTURE, 

An Inquiry into the Piinciples of Beauty m , with an Ilistoiical Vk w of the 
Rise and Progress of the Art in Greece By the Lam oi- Ahekukkn 1 /O 
The tiuo precediiif^ in One handsome I olume, half bound, entitled 

“Ancifm ARCHirrcTURK," 6/0 

ACOUSTICS OF PUBLIC BUILDINGS: 

The Laws of Sound as applied to the Arrangement of Buildings By 
Professcy T Roorn Smith, 1 R I.B A New Edition revised With 
numerous Illustrations Crown bvo, cloth 1 /6 


LIGHT: 


An mtroduction to the Science of Optics Designed for tl 
of Architecture, Engineering, and other Appliea Sciences 
M.A Crown 8vo, doth 


Designed for the Use of Students 
ByE. W.Tarn, 

1/6 
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SANITATION AND WATER SUPPLY. 


THE HEALTH OFFICER’S POCKET-BOOK. 

A Guide to Sanitary Practice and Law For Medical Officers of Health, 
Sanitary Inspectors, Members of Sanitary Authorities, &c By Edward 
F Willoughby, M D (Lond ), &c Second Edition, Revised and Enlarged 
Fcap 8 VO, leather . . Net 10/6 

"A mine of condensed infonmtlon of a pertinent and useful kind The various subjects 
of whicli It treats beiiiR siiccnutly imt fully and scientihcal'y dealt with ’ — The I ancet 

“ We recoiniiiend a 1 those en^rfircd in practical sanitary work to furnish themselves with 
cojiy for reference — ‘sanitary Touttia' 

THE WATER SUPPLY OF T0WN5 AND THE CON- 

STRUCTION OF WATER-WORKS. 

By Profk'isok W K Burton, A M Inst C E Second Edition, Revised 
and Extended Royal 8vo, cloth (See page 12 ) £1 5s. 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humbkr, A M Inst C E , and M Inst M E Imp 4to, half- 
bound morocco (See page 12 ) iW/ £6 6S. 

WATER AND ITS PURIFICATION. 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Supply By S Ridkal, D Sc Lond , F I C Second 
Edition, Revised, with Additions, including numerous Illustrations and Tables 
Large Clown 8vo, cloth . . AV/ 9/0 

RURAL WATER SUPPLY. 

\ Practical Handbook on the Supply of Water and Construction of Water- 
works for Small Country Districts By Ai LAN Grkenwkll, AMICE, 
and W T Curry, AMICE Revised Edition Crown 8vo, cloth 6/0 

WATER ENGINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa 
tion of Water for the Supply of Towns By C Slagg, A M Inst C E.^ 7/6 

THE PURIFICATION OF SEWAGE. 

Being a Brief Account of the Scientific Principles of Sewage Purification, and 
their Practical Application By Sidney Barwisk, M D (Lond ), B Sc , 
M R C S , D P H (Camb ), bellow of the Sanitary Institute, Medical Officer 
of Hraith to ihe Derbyshire County Council Second hdition, Revised ard 
I'lilargul, \Mth .111 Apyicndix on the Analysis of Sev\ age and Sewage Jl.ffiucnts 
With numeroiib I lluMr.iiions and Diagmins. D< mj 8vo, c'oth Aei 10/6 

or CONIFMS — SI W At I IIS NAIIKI AM) t OMI’OSI I JON — THH 

I in MISl K^ <n Si W Al I — V'AKll 1 IFS 01 Si t\ \( 1 and I in C HANOI S II llNDFKt OFS — 

KlV 1 K I'Ol 1 U I ION AM) 1 1 S 1 I 1 I t 1 s — I HI I AM) 1 Kl A I Ml M 01 SliWAOI — rKLCllM 
IMION I'MtII’lIAMs AM) I ANKs — I Ml 1 l«jl 1 1 A( IION OF Sl W A( F — I’K INC I I’Ll b 
1N\ 01 \ 1 1) IN 1 in OMDA I ION Ol Si N\ \{ F — \ K III It lAl J’KOC I SSFS 01 I’l’Kll ICA 1 ION — 
AinoMAIK Disi KIM lOKs AM) SI Ft lAl 1 11 1 I Ks — l‘A K 1 ICl 1 AKS OI SliW F KA( R AND 
SRUAt.H l)|sl-DS\l St llHMl S KFoniKH) l.Y 1 tM AI t.O\ fcRNMKNl HOARD — UhEFl I 
l)A\ A lllK A1’)AKA11 s KFOlIKIDloK SFWACH ANA^u^ SIS _S1 ANDARD 

bOLO Ut)Ns I'SKD IN I MB MfIHoD Ol ShtNAtH ANA! \ sis — r IbllMAHON OF 
AMMONIA —Nl I KO( KN AS N 1 1 K AT I' s — 1 Ne t 1 A I OK 1 I si t)\^ t EN AUSORHFD— TO 
C ONV ER I t.KAINs 1 FK t.Al 1 ON 1 O I’AK Is 1 Fk loo.uuo 

i hr bduk uill lit <)< list (<i l?u)st M hf) irt rt spousilile for (hritdug iiul idMsmg on the 

tieatiiioiit ol stM )g< 1 lit intoi III itioii Iiinushtd is luholt is rtusoii ibl\ ai-tiintc iiid up to date " 

—A atnre 

SANITARY WORK IN SMALL 1 OWNS AND VILLAGES. 

By CifARLFb Si Aot'., ^ 1)1 Inst C L 'J hud Lduion, Enlargi d Crown 
tfvo, cloth 3/0 

“This IS a \or> ustlul book 1 htit is a deal of vork rci|iiircd ,o Ivc done in the 

smaller Iovmis and Mllagts, and tl)ib luilt voluint \oll help those ho are ^vllhng to do it ’ — hutlder 

VENTILATION: 

A Text-Book to the Practice of the Art of Ventilating Buildings. By W. P 
Buchan With 170 illustrations Crown 8vo, cloth . 3/6 
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CARPENTRY, TIMBER, ETC. 


PRACTICAL FORESTRY. 

And Its Bearing on the I cnprovemeni of Estates By Charles K Curtis, 
F S I , Professor of Forestry, field Engineering, and General Estate 
Management, at the College of Agriculture, Downton Second Edition, 
Revised Crown 8vo, cloth 3/6 

Prefatory Remarks — objects op planuno — Choice or a Forhsikr — 
Choice of Soil and Site —Laying out of Land for Plantations —Preparation 
OF THE Ground for Plant ing —Draina< e —Pi ant inc — Uistancks and Uistri 
•bution of Trees in Planjat ions -Trees and Ground Game —At ten i ion after 
Planting —Thinning of Plantations — Prunin(, of Forest Trees —Realization 
— Meihods of Sale —Measurement of Timber -Measurement and Valuation 
OF Larch plantation -Fire Lines —Cost of planting 

"Mr Curtis has in the course of a senes of short pithy chapters alTordeci murh informa- 
tion of a useful and practical character on the plantini^ and subsequent treatment of trees.'*— 
Illustrated Carpenter and Butlder 

WOODWORKING MACHINERY. 

• Its Rise, Progress, and Construction With Hints on the Management of Saw 
Mills and the Economical Conversion of limber Illustrated with Examples 
of Recent Designs by leading English, French, and American Engineers By 
M Powis Balk, M Inst C E , MI Mcch E Second Euitiun, Revised, 
with large Additions, large crown 8vo, 440 pp , cloth . . 9/0 

" Mr Bale is evidently an expert on the subject, and he has collected so much Infunnatiuii 
that his book is ail sufficient for builders and others engaged in the conversion of timber ' — Architect 
• "The most comprehensive compendium of wood working machinery we have Sfien Tlic 
author is a thorough master sf his subject ' —Building News 

SAW MILLS. 

Iheir Arrangement and Management, and the Economical Consersion cf 
Timber By M Powis Bale, M Inst C E , MI Mccli 1' U liirtl Edition, 

Revised Crown 8vo, cloth 10/6 

" The administratitm of a large sawing establLliment Is discussed, and the siiiiject examined 
from a financial standnomt Hence the size sliane order and dis|>ositiuii of saw mills and tiio like 
are gone into in detail and tlie course of the tinu>cr is traced from its reception to Its delivery in its 
converted state We could not desire a more complete or practical treatise — Builder 

THE* ELEMENTARY PRINCIPLES OF CARPENTRY. 

A Treatise on the Pressure and Equilibrium of Fiinber Framing, the Resistance 
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting 
Iron and Stone with Timber, &r To which is added an Essay on the Nature 
and Properties of Timbei, &c with Descriptions of the kinds of Wood used 
in Building, also numerous Tables of the Scantlings of i iinber for differt nt 
purpioses, the Specific Gravities of Materials, &c By 1 homas 1 kkdgoi d, C E 
With an Appendix of Specimens of Various Roofs of Iron and Stone, Illus- 
trated Seventh Edition, thoroughly Revised and considerably Enlarged by 
E Wyndham Tarn, M A, Author of “The Science of Building," &c 
With 61 Plates, Portrait of the Author, and several Woodcuts In One large 
Vol , 4to, cloth £1 5«. 

"Ought to be in every architect s and every builders library — Buttder 

"A work whose nioiiumental exceliciice must commend it wherever skilful cari>ontry is 
concerned The author s principles are rather conhniitd tlian impaired by time The additional 
plates are of great #itnnsic value ' — Building Nrws 

THE CARPENTER’S GUIDE. 

Or, Book of Lines for Carpenters , comprising all the Elementary Principle* 
essential for acquiring a knowledge of Carpentry Founded on the late PktER 
Nicholson's standard work A New Edition, Revisedby Arthur Ashpit el, 
FSA logether with Practical Rules on Drawing, by George Pyne 
With 74 Plates, 4to, cloth . . ... £1 1 •• 

CARPENTRY AND JOINERY— 

The Elementary Principles of Carpentry Clm^fly composed from the 
Standard Work of T Tkedgoi d With Adilitions and a Treatise on 
Joinery by E W Tarn, M A Eighth Edition Crown 8vo, cloth 3/6 
Atlas of 35 Plates to accompany and illustrate the foregoing book 
With Descriptive Letterpress ato . . 

** These two volumes form a complete treasury of carpentry and Joinery and should l>e in 
the hands of every carpenter and jomcr In the Empire, "—/raw 
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ROOF CARPENTRY: 

Practical Lessons in the Framing of Wood Roofs For th# use of Working 
Carpenters By Gfo Collings Crown 8vo, cloth . . 2/0 

CIRCULAR WORK IN CARPENTRY AND JOINERY/ 

A practical Treatise on Circular Work of Single and Double Curvature 
By George Collings Fourth Edition Crown 8vo, cloth 2/0 

“ Cljfip In price, clear in dcfimMon, and practical in the examples selected ” — Builder 

HANDRAILING COMPLETE IN EIGHT LESSONS. 

On the Square-Cut System By J S Goldthorp Teacher of Geometry 
and Building Construction at the Halifax Mechanics' Institute With Eieht 
Plates and over 150 Practical Exercises 410, cloth 3/0 

“ Likely to of considerable value to Joiners and others who take a pride in good work« 
The arrungonicnt of the book is excellent We heartily commend It to teachers and students. 
Timber Trades youmal 

PRACTICAL TREATISE ON HANDRAILING: 

.Showing N( w and Simple Methods B> GhO Coilinc.s Third Editic 1, 
including a I'rt atise on Stairbnilding Crow n 8vo, cloth . 2/0 

“Of pr u ticil iitilit) in the (.xcciition of this difiiciilt br inch of joinery '—Builder 

THE CABINET-MAKER’S GUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINET WORK 
By Richard r.iiMiAn Illustrated with Plans, Sections and Working 
Drawings Crown 8vo, cloth . 2/0 

THE JOINTS MADE AND USED BY BUILDERS. 

By W J C HRisi^ With 160 Woodcuts Ciown Svo, cloth 3/0 

“ 1 111 woik IS d( s» 1 \ uiy i)f hti li ( (inuiu nd itmn —l-.utldey 

TIMBER IMPORTER’S, TIMBER MERCHANT’S, AND 

BUILDHR’5 STANDARD GUIDE. 

By K h Granp^ Crow n bvo, cloth 2/0 

‘ 1 I J tiling It ]ii( It lid to bt 1 iiilt up >41 ulii dl\ It Ic ids one fi 0111 a fort St tf) a treenail, and 
throws in as i 111 ikcui n,lit, i ho t ot in itcu il toiKeiniiii; bru ks. tohiinns, cisterns, Ac /uA 

Mu hauti 

TIMBER MERCHANT’S and BUILDER’S COMPANION. 

Containing New and Copious Tables of the Reduced Weight and Measure 
ment of Deals and Battens of all sizes, and other Useful lables for the use of 
limber Merchants and P.uilders By William Dowsing Fifth Edition 
Revised and Corrected Crown 8vo, cloth . 3 /^ 

“We arc glad to see a fourth edition of tliese admirable tables, which for correctness and 
slnHilicity of arrangement leave nothing to l>e desired — Timber Trades yournat 

THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the Use of Building Contractors, Surveyors, Builders, &c , 
coiiuiiising useful Tables for all purposes connected with the Timber Trade, 
Marks ol Wood, Fssij on the Strength of 1 imber, Remarks on the Growth of 
Timber, &c Bv W Richardson Second Edition Fcap 8vp, doth 3/0 

"This handy intniid contains much valuable information for tlie use of timber merchants, 
builders, foresters anil ail others coimected with the giowth, sale, and manufacture of timber — 
youmal <^f hortstry 

PACKING-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six 
inches square and upwards By W Richardson, Timber Broker Fourth 
Edition Oblong 4to, cloth 3/0 

“ Invaluable labour saving tables —Iroftftum^er 
“ \\ ill save iiiulIi labour and c ilculation — Oro^et 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from i toi2oo inches in length, b> i to 108 inches in breadth. 
For the use of Architects, Surteyors, Engineers, Timber Merchants, 
Builders, &c By J Hawkings Fifth Edition Crown Svo, cloth 3/0 
“ These tables will be found of great assistance to aU who require to make calculations 
of superficial measurement "^Jsft^lish JlIeiManu. 
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DECORATIVE ARTS, ETC. 


^HOOL OF PAINTING FOR THE IMITATION OF 

WOODS AND MARBLES 

As Taught and Practised by A R Van der Burh and P Van dhr Burg, 
Directors of the Rotterdam Painting Institution Royal folio, by lai in , 
Illustrated with 24 full-size Coloured Plates , also 12 plain Plates, comprising 
154 Figures Fourth Edition, cloth AW £1 6«. 

List of Plates 

I Various Tools Rkquirru for Wood painting —a. 3 Wai nitt prri iminary 
STAGES OF graining AND FINISHED SPECIMEN — 4 TOOLS USHD FOR MARBLE 
Painting and method of Manipulation —5, 6 St Rrmi Marbi r Fakiier 
Operations and Pinishhd specimen —7 Methods ok sketching Different 
Grains, Knots, arc —a, 9 Ash preliminary Stages and riNisHHi) spkci 
MEN —10 Methods of Sketching marble (.rains — h, la Brhchr Marbles 
Preliminary Stages of Working and Finished specimen —13 Mapie Method 
OF Producinc the Diffhrfni grain'>— m. !■; Birds Eye MAPI H , Phhi iminaky 
Stages and Pinishhd Specimen —16 Methods of Skhtchinc. 1 he Difi frunt 
S raciES OF White Marbi h — 17, 18 white Marbik Preliminary siages of 
Procpss and Finished specimen —19 M a hoc any Specimens of Various Grains 
and Methods of Manipulation — ao. ai Mahogany , Earlier si ages and 
Finished Specimen — aa, 33. 34 Sienna Marbi r Varieties of Gr in. Pkbt iminary 
Stages and Finished Specimen — 35. a6 37 Juniper Wood, Methods of Pro 
ducing grain &c , Preliminary stages and Finished speciv cn — 38, ao 30 Vert 
DB Mbr Marble, Varieties of Grain and Methods oh Working, unfinished 
and Finished Specimens — 31, 3a, 33 oak Varieties oh Grain, Tools Employed 
AX ^ Methods of Manipulation, preliminary stages and finished specimen — 
34. 35. 36 WAULSORT MARBLR, VARIETIES OP GRAIN UNFINISHED AND FINISHED 

Specimens 

"Those who desire to attain skill In the art of painting woods and marbles wlU find advantage 
in consulting this book Some of the Working Men s Clubs should give their young men 

the opportunity to study It " — ButlcUr 

" A comprehensive guide to the art The explanations ol the processes the manipulation 
and management of the colours, and the beautifully executed plates will not be the least valuable to 
the student who aims at inakmg his work a faithful transcript of nature —Butldtnn Ntuus 

"Students and novices ore fortunate who are able to become the possessors of so noble a 

work. '—‘The Architect 

HOUSE PAINTING, GRAINING, MARBLING, AND 

• 5 iaN WRITING 

With a Course of Lh nu ntirv Drawing, ,iiul 1 f ollc cfion of U -.efnl Rpce ipts. 
By E A Damdson Ninth 1- dition (. olourr d Idatr s CrMvo, cloth 5 /O 
+++ 1 he above, tn chth boaiJ'., hound, 6/0 

" A rn iss of luforni itiun of use to the am itcur uid of v due to the i>r i tu il m lu - / 'i^h 
Mechanu 

’elementary decoration : 

As Applied to Dwelling Houses, 6 fc B> J W Faciv Cr 8 vo, cloth 2/0 

' • ‘‘Tin priucipl.s ou>,ht tf. guid* th« de.orition of dwt llioj,; lii.ii es irc d( atly set 

forth, and eliicid III d bj txiinjdcs, ^vl^lIo lull mstnu luais irr mvoi to the le irimr --Scotsman 

PRACTICAL HOUSE DECORATION. 

A Guide to the Art oT Ornaiiuntal rainting, the arrangement of Colours in 
Apartm^lits, and the Principles of Decoiaiive Design By Jamis W. 
Facey Crown 8 vo, cloth 2'0 

♦ ♦ Ihe last ino uo^ks in One handsome \ vl , half bound, entitled “House 
Decoration, ELtMtNTAUY and Pkaciical,’’ puce 6/0 

ORNAMENTAL ALPHABETS, ANCIENT & MEDI/EVAL. 

From the Eighth Centunr, with Numerals, including Gothic, Church-Text 
large and small, German, Italian, Arabesque, Initials for Illumination 
Monograms, Crosses, &c , for the use of Architectural and Engineering 
Draughtsmen, Missal Painters, Masons, Decorative Painters, Lithographers, 
Engravers, Carvers, &c , &c Collected and Engraved by F Delamottk, 
and printed in Colours New and Cheaper Edition Royal 8vo, oblong, 
ornamental boards 2/6 

" For those who Insert enamelled sentence* round glided chalices, who blaxon shop legwdi 
over shop-doors, who letter church walls with pithy sentences from the Decalogue, this book will be 
nssfuL " — Atiumeum 
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MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic, Pers^ctive, Greek, Hebrew, 
Court Hand Engrossing, Tuscan. Riband, Gothic, Rustic, and Arabesque , 
with several Original Designs, and an Analysis of the Roman and Old EnglJlSh 
Alphabets, large and small, and Numer^s, for the use of Draughtsmen, 
Surveyors, Masons, DecoraUve Painters, Lithographers, Engravers, Carvers, 
&c Collected and Engraved by F DELAMorrE, and printed in Colours 
New and Cheaper Edition Roval 8vo, oblong, ornamental boards . 2/6 

" There Is comprised in it every possible shape into which the letters of the alphabet and 
numerals can \)e formed, and the talent which has been expended in the conception of the various 
plriln and ornamental letters is wonderful — Standard 

MEDI/EVAL ALPHABETS AND INITIALS. 

By F G Dei amotte Containing 21 Plates and Illuminated Title, printed 
in Gold and Colours With an Introduction by J Willis Brooks Fifth 
Edition Small 410, ornamental boards Net BIO 

"A volume In which the letters of the alphabet come forth glorified in gUdlng and all the 
colours of the pnsin interwoven and intertwined and intermingled 

C 

A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Beginners , with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS , 
printed in Gold and Colours By F Delamotte New and Cheaper 
Edition Small 4to, ornamental boards 0,'iQ 

“ The examples of ancient MSS recommended to the student, which, with much good sense, 
the autitur ciiouses from collections accessible to all, are selected with Judgment and knowledge as 
well as taste —Atkenaum 

THE EMBROIDERER’S BOOK OF DESIGN. 

Containing Initials, Emblems, Cyphers, Monograms, Ornamental Borders. 
Ecclesiastical Devices, Mediaeval and Modern Alphabets, and National 
Emblems Collected by F Delamotte and printed in Colours. ObloM 
royal 8vo, ornamental wrapper Net 2/0 

• The book will l>e of great assistmtee to ladles and young children who are endoweC.^ with 
the art of plying the needle in this most ornamental and useful pretty work, —bast Anglxan Ttmts 

MARBLE DECORATION 

And the Terminology of British and Foreign Marbles A Handbook for 
Students By Georoe H Blagrove, Author of “ Shoring and its Applica* 
lion,” &c With a8 Illustrations Crown 8vo, cloth 3/6 

"This most useful and much wanted handbook should be in the hands of every architect anrf 
builder ’ —Butldine Jf and 

"A carefully and usefully written treatise , the work is essentlall} ]}ractlcal "—Scotsman^ 

THE DECORATOR’S ASSISTANT, 

A Modern Guide for Decorative Artists and Amateurs, Painters, Writers, 
Gliders, &c Contaimng upwards of 600 Receipts, Rules, and Instructions , 
with a variety of Information for General Work connected with*’every Class of 
Interior anu Exterior Decorations, &c Eighth Edition Cr 8vo . 1 /O 

Full of receipts of v.due to decorators painters gilders, dfc. The book contains the gist of 
larger treatises on colour imi teclmtcoi processes It would be difficult to meet with a work so full 
of varied mfoniiation on the painter s art —Buvldtng Atus 

GRAMMAR OF COLOURING. 

Applied to DecoiatiM' Painting and the Arts By G Field New Edition, 
enlarged bjE A Damdson With Coloured Plates Crown 8vo, cloth 3/0 

* The liook is tlie most list fill ri'snme of the projicrties of pigments ” — Btn/de< . 

ART OF LETTER PAINTING MADE EASY. 

ByJ G Badknoch. With 12 full-page Engravings of Examples. Cr 8 vo 1/6 

“Any hitelligeiit lad who fails to turn out decent work after studying this system haS 
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PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F S A Including 
Fresco, Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, 
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Sixth 
Edition Crown 8vo, cloth . . fi/O 

Adopted as a Pnze Hook South A’rusingi'on 
‘ Much liny lie learned « \en hv those who finc\ the\ do not rniuiri tohetui^dit from the 
careful perns il of tins unprctcndin)^ hut comorcliensiv* ircitisc — !>/ youf mil 

GLASS STAINING, AND PAINTING ON GLASS. 

From the German of Dr Gi ssi ur and I.manuicl Oi lo I-romderg With 
an Appendix on The Art of Enamelling Crown 8vo, cloth 2/Q 

WOOD-CARVING FOR AMATEURS. 

With Hints on Design By A Lady With 10 Plates New and Cheapei 
Edition Crown 8vo, in emblematic wrapper . , 2/0 

•• The handicraft of the wood carver, so well as a book can impart It, may lie leai nt fi oin ‘ A 
Lady’s ' publication. —AthenetHin 


NATURAL SCIENCE, ETC. 


THE VISIBLE UNIVERSE. 

Chapters on the Origin and Construction of the Heavens By J K. Gori , 
F R A S , Author of ‘‘ Star Groups, ’'&c Illustrated by 6 Stellar Photographs 

• and 12 Plates Demy 8vo, cloth . 1 6/0 

STAR GROUPS. 

A Student's Guide to the Constellations By J Eli ard Gore, F R A S , 
M R I A, &c , Author of “The Visible Universe," “The Scenery of the 
Heavens," &c With 30 Maps Small 410, cloth . 6/0 

AN ASTRONOMICAL GLOSSARY. 

Or, Dictionary of Terms used in Astronomy With Tables of Data and Lists 
of Remarkable and Interesting Celestial Objects By J Ei i ard Gore, 
F R A S , Author of “ The Visible Universe," &c Small crown 8vo, cIotL 

Jt 

ASTRONOMY. 

Hy the late Rev R Main, M A , T RS dimd lulitiou, revised Iw 
Wrr I lAM 1 HV NNfc, I \ NN, H \ , h K A S Crow 11 H\o, i loth 2/0 

•‘A sound and simple treutsc \t,ry carcluHy edited uul i ( ipitil lumk for bcRiiincra — 

e 

,THE MICROSCOPE. 

Its Construction and Management Including Technique, Photo-micrography, 
and the Past and Future of the Microscope By Dr Hfnri van Hkurck. 
Re Edited and Augmented from the Fourth French Edition, and translated 

• by Wynne E Baxter, F G S Imp 8vo, cloth . 18/0 

MANUAL OF THE MOLLUSCA : 

A Treatise on Rfcent ind Possd ShtlK By Dr S P Woodward, A L S 
With Amiciulix by Rai lui Taii , A L S . I C. S With mim( rous Plates 
and 300 Woodcuts C rown 8\o, cloth . 7/6 

“ A storelioiise of cuiicliolo^oi d md geologm d inforiintion ‘ — Haiuu/ts Si n ncr (,osstf 

THE TWIN RECORDS OF CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Wonderful Concord 
By G W V LK Vaux 8vo, cloth . 6/0 

LARDNER’S HANDBOOKS OF SCIENCE. 
HANDBOOK OF MECHANICS. 

Enl^U^ed and re-written by B Lokwv, F R A S Post 8vo, cloth 6/0 

HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

Revis<Kl and Enlarged by B Loawv, ERAS Pott 8»o, cloth . 5/0 


HANDBOOK OF HEAT. 

Indited arid re written by B LogWYi ERAS. 


Post 8vo, cloth 


. 6/0 
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LARDNER’S HANDBOOKS OF SClBBCB—conitnutd. 
HANDBOOK OP OPTICS. 

New Edition Edited by T Olvbr Harding, B A. Small 8 vo, cloth 0/0 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

Edited by Geo C Foster, B A Small 8 vo, cloth .... 5/0 

HANDBOOK OF ASTRONOMY. 

Revised and Edited by Edwin Dunkin, F R A S. 8vo, cloth . . 9/6 

MUSEUM OF SCIENCE AND ART. 

With upwards of i,aoo Engravings In Six Double Volumes, £1 1 «. Cloth, 
or half-morocco . £1 11a. 6o. 

NATURAL PHILOSOPHY FOR SCHOOLS . . 3/6 

ANIMAL PHYSIOLOGY FOR SCHOOLS . 3/6 

THE ELECTRIC TELEGRAPH. 

Revised by E B Bright, F R A S. Fcap 8 vo, cloth 2/fc 


CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 

THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 

PRTKOLHIJM INDUSTRY. 

A Practical Handbook on the Exploration, Exploitation, and Management 
of Russian Oil Propeities, including Notes on the Origin of Petroleum in 
Russia, a Dtsciiption of the theory and Practice of Liquid P'uel, and a 
1 raiiblation of tlu Rules and Kt gulations concerning Russian Oil Properties 
By A Bimv Ihompson.A M I M Ic , late Chief Engineer and Manager of the 
European Petroleum Company’s Russian Oil Properties About 500 pp , with 
nuineious Illustrations ind Photographic Plates, and a Mapof the Balakhany- 
Sahoontchy Romany Oil Field Super-rojal 8 \o, cloth Net £3 3a. 

"AcTrtftil ind c oiiijin ht hmvc stirdy tin (oiulitions of th< UKfustrj / lie work is very 
^ iliiilili iiut should uiuloubtedl} be the si ind ird authority on li iku for sonic tune to come” — 
y out Hal 

THE ANALYSIS OF OILS AND ALLIED SUBSTANCES 

By A C Wright, M A Oxon , B Sc Lond , formerly Assistant Lecturer in 
Chemistry at the Yorkshire College, Leeds, and Lecturer in Chemistry at the 
Hull Technical School Demy 8 vo, cloih . Ntt 9/0 

A HANDYBOOK FOR BREWERS. 1 

Being a Practical Guide to the Art of Brewing and Malting Embracing the 
Conausions of Modern Research which bear upon the Practice of Brewing. 
By Herbert Edwards Wright, M A Second Edition, Enlarged Crown 
8 vo, 530 pp , cloth . 1 2/6 

** May be consulted with advantage by the student who is preparing himself for examlnadoiud 
tests while the scientific brewer will find in It a r/sutn^ of all the most Important discoveries of 
modem times Written throughout in a clear and concise manner, and the authoi takes great 
care to discriminate between vague theories and well estalilished facts " — you*-nal 

“ We have no hesitation In sa>'ink that It Is one of the best— If not the best lKK>k— which has 
yet been written on the subject of bMr brewing m this country — Br€7t>rrt Guardtan. 

A POCKET-BOOK OP MENSURATION AND gAuGING. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants. &c By J B Mant Inland Revenue. Second Edition, 

Revised. x 8 mo, leather . . 4/0 

*' Should b« in the hands of erery practical brewer "-^Brtwers' ytHmal. 
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LIQHTINQ BY ACETYLENE 

Generators, Burners, and Electric Furnaces. By William E. Gibbs, M E. 
With 66 Illustrations Crown 8vo, cloth 719 


fHE QAS ENOINBER’S POCKET-BOOK. 

Comprising Tables, Notes and Me-noranda relating to the Manufacture, 
Distribution and Use of Coal Gas and the Construction of Gas Works By 
H O’Connor, A M Inst C E Crown 8vo, leather . 10/0 


“ The book contains a vast amount of information The author goes consecutively through 
the engineering details and practical methods involved In each of the different processes or parts 
of a gas works " — Gas World 


ENQINBERINQ CHEMISTRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron 
Masters, Iron Founders, Students and others Comprising; Methods of Analysis 
and Valuation of the Principal Materials used in Engineering Work, with 
numerous Analyses, Examples and Suggestions By H Joshua Phih ips, 
F I C , F C S Third Edition, Revised and Enlarged Crown 8vo, ^ao pp., 
^ with Plates and other Illustrations, cloth . Net 10/6 

"In this work the author has rendered no small service to a numerous body of practical 
men. The analytical methods may be pronounced most satisfactory, being as accurate as the 
despatch required of engineering chemists permits — Chc-mual News 

There is much excellent descriptive matter in the work the chaptt. on ‘Oils and Lubri- 
cation ’ being specially noticeable in this respecL ” — Eftgyneor 


NITRO-EXPLOSIVES. 

* A Practical Treatise concerning the Properties, Manufacture, and Analysis 
of Nitrated Substances, including the Fulminates, Smokeless Powders, and 
Celluloid By P Gerald Sanford, F I C , h C S , Public Aiudjst to the. 
Borough of I’ciizince, late Consulting Chemist to the Cotton Powder 
Company, Limited, &c Second I'dition, n\is(d ind tnlirgtd With 
Illustrations Demy 8vo, cloth PuitlisJitd Net 10/6 

"One of the very few text books In which can be found Just wliat Is wmted Mr Sanford 
goes steadily througli the whole list of explosives commonly used, he names any given explosive, 
and tells us of what it is composed and how it is manufactured The book is excellent "—JSH£tHi4r 


A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Treatise on the Manufacture ard Use of Dynamite, Gun Cotton, 
Nitro-Glyccnne and other Explosive Compounds, including Collodion-Cotton 
With Chapters on Explosives in Practical Application By M Eisslkr, M E. 
Second Edition, Enlarged Crown 8vo cloth . . 1 2/6 

** A veritable mine of information on the suliject of explosives employed for military, mining, 
mud blasting purposes ‘—j 4 rmy and Navy (.axette 

DANQEROUS GOODS. 

Their Sources and Properties, Modes of Storage and Transport With Notes 
• and Comments on Accidents arising therefrom A Guule for the Use of 
Government and Railway Officials, Steamship Owners, &c. By H Joshua 
Phillips, F I C F C S Crown 8vo, 374 pp , cloth . 9/0 

" Merits a wide circulation, and an Intelligent, appreciative study ”—CktmU.ai Nsws 


A MANUAL OF THE ALKALI TRADE. 

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder By John Lomas, Alkali Manufacturer With 232 Illustrations 
and Working Drawings. Super-royal 8vo, cloth . . £1 lOa. 

" We And not merely a sound and luminous explanation of the chemical principles of the 
trade, but a notice of numerous matters which have a most important bearing on the successful 
conduct of alkali works, but which are generally overlooked by even experienced technological 
authors .”— Rtvxew 


THE BLOWPIPE IN CHEMISTRY, MINERALOOY, Etc. 

ContsJhing all known Methods of Anhydrous Analysis, raanv Working 
Examples, and Instructions for Making Apparatus By Lieut -Colonel W A 
Ross, R A., F G S Second Edition, Enlarged Crown 8vo, cloth 6/0 
'* The student who goes conscientiously through the course of experimentation here laid down 
win geln a better Insight into inorganic chemistry and mineralogy than if he had * got up ' any of the 
best tezt-booln ^ the day, and piuTind any number of examinations in their contents ^’ — Chemicttl 
News. 
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THE MANUAL OF C0L0UR5 AND DYE-WARE5. 

Their Properties, Applications, Valuations, Impurities and Sophistication! 
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J W. Slater 
Second Edition, Revised and greatly Enlarged Crown 8vo, cloth 
*' There is no other work which covers precisely the same ground To students prepari^ 
or exanUnations in dyeing and printing it will prove exceedingly useful —Chetntcal News 

THE ARTISTS’ MANUAL OF PIGMENTS. 

Showing their Composition, Conditions of Permanency, Non-Permanenc]^ and 
Adulterations, &c , with Tests of Purity By H C Standage. Third 
Edition Crown 8vo, cloth . . 2/6 

“ This work is indeed ntultum tn parvo, and we can, with good conscience, recommend it to 
all who come in contact with pigments, whether as makers, dealers, or users '—Chemtcal Retdew, 


INDUSTRIAL ARTS, TRADES, AND . 
MANUFACTURES. 


MODERN SOAPS. CANDLES, and GLYCERINE. 

A Practical Manual ol Modern Methods of Utihsiiion of Fats and OiK in the 
Manufacture of Soap and Caudles, and of the recovery of Glycerine By 
Leli.i ut i I OYU Lam HORN, Massachusetts Institute of 1 eehnologj", Member 
Am Chcniic il Soc> , SLc Medium 8\o, cloth 1 ull> Illustrated 7o6pages 

[Juht Puhhshed Net 30/0 

Si MM MvS n| ( (i\ n \ I 1 111 S< >M |M)l s 1 - iN I Kt »l)Ue 1 l(>\- RAW M A I I KI ALs 

OI S( ) M M ^^l J| \( I I K I Hll M HIM A\l» I’l K H I< A I 1< >N Ol SoA P s 1 < )Clv -1 H I 
( III MK M ( H Alv \( I I kis I |( s Ol SoAl slO( k AM> I HI Ik JHHAVUH'k lONKARHS 
SAlOMINlM All SIS M1(H\M(\I I Ol I\ \1 1 M o) IHI SoAl 1 A( I O kS — COLl ) 
i’kOl I ss ASH Si MM. OH II) SoAP (.kAlMH SoAP-SlllMl) kosIN SOAP— Mil LPD 
SoAPH\si lloVIINl SoAl SHA\1N< So\l -Ml HH A I ID SoAl — I ssl \ I IaL Oil aiAM) 

Soap J’i ki hmi k^ Mii m h so \ i — (,ani»m s~(.i i k i\i — Hvamis \ i ion oi Raw 
Mai I KiAi s AM) J A( loki I’kom < is 

THE ART OF SOAP-MAKINO. 

A Practical Handbook of the Manufacture of Haid and Soft Soaps, Toilet 
Soaps, &c Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys By Ai fxandkr Watt Sixth Edition, 
including an Appendix on Modem Candlemaking Crown Bvo, cloth T/6 
'* A thoroughly practical treatise We congratulate the author on the success of his endeavou# 
to fill ■ void ill English technical literature — Nature 

“The work will prove very uiteful, not merely to the technological student, but to the 
practical soap boiler wiio wishes to understand the theory of his art — Chemtcal News 

PRACTICAL PAPER-MAKING. 

A Manual for Paper-Makers and Owners and Mani^ers of PapeH Mills With 
Tables, Calculations, &c By G Clappkrton, Paper-Maker With IIIus* 
trations of Fibres from Micro- Photographs Crown Bvo, cloth 6/0 

** autlior caters for the requirements of res{)onsible mill hands, apprentices, &c , whilst 
his manual will l>e found o^reat service to students of technology, as well as to veteran ^pe*- 
inakcrs and mill owners Tlie illustrations form an excellent feature ’ — The IVorld s Paper Trade 
Rrvterv 

THE ART OF PAPER-MAKING. 

A Practical Handbook of the Manufacture of Paper from Rags, Esparto, 
Straw, and other Fibrous Materials Including the Manufacture (}f Pulpfrcm 
Wood Fibre, with a Description of the Machinery and Appliances used To 
which are added Details of Processes for Recovering Soda from Waste Liquors. 
By Alexander Watt With Illustrations. Crown Svo, cloth . , 7/6 

“ It may be regarded as the standard work on the subject The book Is full of valuable 
infwuation. The 'Art of Paper-Making' is in every respect a model of a text-book, eltte^fbf • 
technical class, or for the private studenL '-^operand Prm^etg Trades ^yeumal. 
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THE CULTIVATION AND PREPARATION OF PARA 

RUBBER. 

By W H Johnson, FLS^FRHS, Director of Agncijiturf, Gold Coast 
Colony, West Africa, Conr nissioned by Government in 1902 to visit Ce> Ion to 
Study the Methods employed here in the Cultivation and Preparation of 
Para Rubber and other Agricultural Staples for Market, with a view to Intro- 
duce them into West Africa Demy 8vo, cloth JVet 7/6 

SUMMARY OF Contents — introductory —the 1 *aka Ruhfhr Tree {Hevta 
brastltenst<!) A 1 HOME AND AKROAD —CULTIVATION OF THF TRFB —PROPACAnON — 
SHE FOR Plant ATION —distance Avar 1 ioPiani ihe 1 reks_tkanspianiim,— 
Cult iVAiioN — iNSECi Pfsis and Fungoid Disi asps —coi i kci ini ihk kuiuiPR 
— VARIOUS Methods Fmployfd in l apiing Rufmhr 1 kphs —now 01 i aiex 
INCREASED BY "WOUNDING THE TREE — HoW TO TAP— Till PRl PARAT ION 01 RUBBER 
FROM IHE Fat EX — Fa 1 HX —VARIOUS Me 1 HODS EMPKWPD in IHP PRIPARAllON OF 

Rubber.— Suggest HD Mf 1 h<jd for Pkpparini kui bhr — s< kap kubhfr — t ifi d op 
Para Rubber from Culi ivaihd l rpps — c f\lon — Mala\ pi ninsui a —(,01 d coasi, 
Wr ST Africa — Fs 1 abi ishmpn i and Main i hnan< f 01 a Para Rubm u Pi an i a i ion — 
Ceylon —Malay I’FNiNsui A — commpr* iai Valuf 01 jhf oji in Hkv'fa Sfhds 

“ The Author docs not cl uin th >t the book is more tlnn i colk ction of inform ition ithcrcd 
from \arious sources, is such it is cvcelknt, iinl amU uii(loulit< dl) str\t .1 verj useful purpose" — 
India Rnbbei yoin nal 


RUBBER HAND STAMPS 

And the Manipulation of Rubber A Practical Treatise on the Manufacture of 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Ctmeuls, and Allied Subjects. By T O’Conor Sloans, A M , 
Ph D With numerous Illustrations Square 8vo, clotl . . , 6/0 

practical tanning. 

A Handbook of Modern Processes, Receipts, and Suggestions for the Treatment 
of Hides, Skins, and Pelts of every Description By L A Flemming, 
American '1 anner 472 pages 8vo, cloth . Net 26/0 

leather manufacture. 

A Practical Handbook of lanning, Currying and Chi onic I.«nther Dressing, 
By Ai exander Watt Fifth Ldition, thoroughly Revised and bnliigtd, 
8vo, cloth ( Jit\t /'nbityud Ni t 1 2/6 

*• A sound, comprehensive treatise on tanning and its accessories The book Is an emitien'ly 
valuable production, which redounds to the cre<lit of l>oth author and piibHshers ’—Cktmitat 
KevSiv 


ART OF BOOT AND SHOE MAKING, 

Including Measurement, Last htiing, Cutting out, (losing .md Making, 
with a Description of the most Approved Marhmeiy imiiloyed P.y J H 
Lpno Crown ^fvo, cloth . 2/0 

•' Hy fir tlic best ^sf)rk ever written on the subji v.1 — Siotttsh I uiditr I ladcr 

COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
^ Combing, Drawing, Doubling and Spinning of Colton, the Methodi of 
Dyeing, &c For the Use of Operatives, Overlookers, and Manufacturers 
By John List ER, Technical Instructor, Pendleton 8vo, cloth . . 7/6 

•• A distinct advance in the literature of cotton manufacture -Machim ry 
It is thoroughly reliable, fulftlllng nearly nil the requirements desired -(daif’O'W Ihratd 

WATCH •repairing, CLEANING, AND ADJUSTING, 

A Practical Handlx^ok dealing with the Materials .and Tools Used, and the 
Methods of Repairing, Cleaning, Altering, and Adjusting all kinds of h.ngllsh 
and Foreign Watches, Repeaters, Chronogranhs niid M iimr Chronometers. 
By F J Garrard, Springer and Adjuster of M irine Chron )im.teis and Deck 
Watches for the Admiralty Wiih over 200 lllusirations Clown 8 vo, cloth 

Net 4/6 


MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated from the French of Claudius Saunier, ex-Director of the School 
of Hbrology at Macon, by Julien Irippiin, F R A S , Besancon Watch 
Manufacturer, and Edward Rigg, M A , Assayer in the Royal Mint With 
Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates Secrad 
Edition Super-royal 8vo, £2 2 s. cloth , half-calf . £2 1 Os* 

•• There Is no horological work In the English »*W**«,« 

'-B of M Saunier s for clearness and completeness. It is al^e go^ m a gui^ forthe stu^t and 
.. ^ experienced horolog^rt^d sidUed workman. ’^Uerol^icat Jeuf nal 
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TUB WATCHMAKER’S HANDBOOK. 

Intended as a Workshop Companion for those engaged in Watchmaking and 
the Allied Mechanical Arts Translated from the French of Claudius 
Saunikr, and enlarged by Julikn Tripplin, F R A S , and Edward Rigg, 
M A , Assayer in the Royal Mint. Fourth Edition Cr 8vo, cloth . 9/C^ 

" Each part is truly a treatise in itself The arrangement is good and the language a clear 
and concise It is an admirable guide for the young watchmaker ” — Engtmertng 

CLOCKS, WATCHES, & BELLS for PUBLIC PURPOSES. 

A Rudimentary Treatise By Edmund Beckett, Lord Grimthorpe, 
LL.D , K C , h R A S Eighth Edition, with new List of Great Bells and 
an Appendix on Weathercocks Crown 8vo, cloth 4/6 

* 4 * 'Ihe above, handsomely bound. Cloth Boards, 6/6. 

“ 1 he best work on tlie siil)jnt probiblj ert mt Hit treitise on l>tWs is undoubtedly the 
best in tlie I in>,ai,ii;t — ! nit, 

• Hit only niodtrn trt ilisi on tlock m iking — Hot oli\tinl yoin iia! 

HISTORY OF WATCHES & OTHER TIMEKEEPERS. 

By James F Kendal, M B H Inst 1/6 boards, or cloth, gilt 22/6 

“The best which has yet appeared on this subject in the Unglish language — Industries 
“Open the liook where you nny, there is interesting matter in it concerning the Ingenious 
devices of the ancient or modem horologer — Saturday Kevtriv 

ELECTRO PLATING & ELECTRO-REFINING OF METALS. 

Being a new edition of Alexander Watt’s “Electro-Deposition” Re- 
vised and Largely Rewritten by Arnold Pun ip, H Sc , A I E K , Principal 
Assistant to the Admiralty Cheiiust Large Crown 8vo, cloth Net 1 2/6 
'* Altogetiicr the work can lie iughly recommended to every electro plater, and is of ur 
doubted interest to every electro inetdlurgist ‘ — hUitrual Kri'inv 

* Eminently a book for the practical worker in electro deposition It contains practical 
descriptions of methods, processes and materials, as actually pursued and used in the workshop — 
Iinii^fieer 

ELECTROPLATING. 

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold 
Aluminium, Brass, Platinum, &c , &c By J W Urquhart, CE Fifth 
Edition, Revised Crown 8vo, cloth . .6/0 

“ An excellent practical manual —F ngsneertne 

“ An excellent work, giving tlie newest iiifonnation ” — Heroloz^cal Journal 

ELECTRO-METALLURGY. 

Practically Preatud By At fxandf k Watt Tenth Edition, enlarged and 
revised With Additional Illustrations, and including the most Recent 
Processes Crown 8vo, cloth . 3/6 

“ J rom tins book l)Olli imiteur mil irtisan maj Ic irn c\er> thing ueccssarj — lion 

GOLDSMITH’S HANDBOOK, 

Containing full Instructions in tin* Art of Alloying, Melting, Reducing, 
Colouring, Collecting, and Refining The iirocesses of Manipulation, 
Recovery of Waste, Cht iiiical and Physical Properties of Gold, Solders, 
Enamels, and other useful Rules and "Recipes, 6cc By George E Gel, 
Sixth Edition C lown 8vo, cloth , 3/0 

A good, sound, irtlnnc d cdiu itor — i, a Journal 

SILVERSMITH’S HANDBOOK, 

On the same plan as the .ibove By George E Gee Tiiiird Edition 
Crown 8vo, cloth . . 3/0 

“ A V.ilualtle seijucl to tin .uitlioi s ‘PriL-ije d t^oJtlworktr nni/ns’ 7 rad t JournaJ. 

Iht two pftceditifi li Of As, in One haiuhome \"olume, half bound, entitled 
“The Goldsmith's and SiLsrubMims Complete Handbook,” 7/0 

JEWELLER’S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen, Compiled from the Experience 
of Thirty Years’ Workshop Practice. By Georgs E Gee Crown 8vo. 7/6 
“ This manual of technical education is apparently destined to be a valuable auxiliary to a 
handicraft which Is certainly capable of great IniprovemenL’'— 77br Tttnes 

HALL-MARKING OF JEWELLERY. 

Comprising an account of all the different Assay Towns of the United 
Kingdom, with the Stamps at present employed , also the Laws relating to 
the Standards and Hall-marks at the various Assay Offices. By George B. 
Gee Crown 8vo, cloth . i3/Q 
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ELECTROTYPINQ. 

The R^roduction and Multiplication of Printing Surfaces apd Works of Art 
bv the Electro-Deposition of Metals. By J. W UrquWart, C E. Crown 8vo 

cloth 

1 ‘J is thoroughly p^tlcal , the reader is. therefore, conducted through the Ic ulinvr 

laws^l eiec^clty^th^ thrwgh^e met^ used b^electro^pets. the apparatus, and the dopodting 


i, up to the final preparation of the work ^~Art Journal 


MECHANICAL DENTISTRY: 

A Practical Treatise on the Construction of the Various Kinds of Artlhcial 
Dentures, comprising also Useful FormulaD, Tables and Receipts By 
C. Huntlr Crovsn 8vo, cloth ^ 3/0 

BRASS FOUNDER’S MANUAL: 

Instructions for Modelling, Pattern Miking, Moulding, 1 urning, &c By 
W Graham Crown bvo, clolli 22/0 

SHEET METAL WORKER’S INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and 
Tin-Plate Workers By Reuben Henry Warn, Piactical 'lin-J’late Worker 
New Edition, Revised and greatly Enlarged by Joseih G Horner, 
A M I M E Crown 8vo, 254 pp , with 430 Illustrations, cloth , . 7/0 

SHEET METAL-WORKER’S GUIDE. 

A Practical Handbook for I insnmhs, Coppt i smiths, Zmeworkers, &c .with 
46 Diagrams and Woi king Pattoi ns By W J 1 ., Crane bourth lulltion 
Crown 8vo, Cloth -j /0 

“The vuDior his ic(jiiifca himself \vilh consulcr ihle t ict m clioosing his tx.iniplcs, md 
witn no IciS dbihtj m trtatmg them ~Piu>nbtr ^ 

GAS FITTING: 

A Practical Handbook By John Black Revised Edition With 130 
Illustrations Ci own 8vo, cloth 2/6 

“It IS writttii m a simple, pnetical st>lc, iml we la irn!> reeomim ml it number and 
Decorator 


TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the 
•Cultivation of the lea Plant and the Prep.aration of 'lea for the Market By 
A J Wai I IS - 1 AVI KK, A M lust C E Medium 8vo, 468 pp With ai8 
Illustrations Ntt 20/0 

“The subject of tea ciachinery Is now one of tlie first in(< rest to a large class of people, of 
whom we strongly eommeiul the volume — Chamber 0/ Comrnetie Journal 

“ Contains a very full account of the machinery necessity for the jiroptr outfit of a factory, and 
also a description of the processes best carried out by tins, in ichinery — Journal Sottety 0/ Arts 

•FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice By Friedrich Kick, Imperial 
Regierungsrath, Professoi of Mechanical lechnology in the Imperial German 
Polytechnic Institute, Prague Iranslated from the Seconil Enlarged and 
Revised Edition By H H P Powies, A M Inst.C E 400 pp , with 
a8 Folding Plates, and 167 Woodcuts Royal 8vo, cloth £1 6g. 

“ This invaluable work is, and will remain, the standard authority on the science of milling 
The miller who has read and digested this work will have laid the foundation, so to speak, of a 
successful career^ he will have acquired a number of general principles wiiich he can proceed to 
apply In this handsome volume we at last have the accepted text book of modem mtlUiig in good, 
sound English, which has lltUc, If any, trace of the Geraian Idiom —J he Miller 

“ The appearance of tills celebrated work in English Is very opportune and British millers 
will, we are sure, not be slow m availing themselves of its pages ^-Millers' Caxette 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakers, Confectioners and Pastrycooks , including a variety of 
Modern Recipes, and Remarks on Decorative and Coloured Work With 
Onginai Designs. By Robert Wells Crown 8vo, cloth . 6/0 

“ A valuable work, practical, and should be in the hands of every baker and confiectlonar 
The Illustrative designs are worth treble the amount charged for the work. —Bakers’ Times 

BREAD *& BISCUIT BAKER’S & SUQAR-BOILER’S 

A36I5TANT. 

Including a large variety of Modem Recipres With Remarks on the Art of 
Bread-making. By Robert Wells Fourth Ediuon. Crown 8vo, cloth 1/0 
A huge number of wrinkles for the ordinary cook, as well as the boLkms."—Saeurday Revirw, 
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PA5TRYC00K & CONPECTIONER’5 GUIDE. 

For Hotel^ Restaurants, and the Trade in general, adapted also for Familv 
Use By R. Wells, Author of “ The Bread and Biscuit Baker " . • "1 10 

•‘We cannot speak too highly of this really excellent work. In these days of keen competltH^ 
ur readers cannot do better than purchase tills book.’’— Tinus 

MODERN FLOUR CONFECTIONER. 

Containing a large Collection of Recipes for Cheap Cakes, Biscuits, &c. With 
remarks on the Ingredients Used in tneir Manufacture. By R Wells 1/0 

" The work is of a decidedly practical character, and In every recipe regard is had to econouucal 
■worlcing ’ — North BrxHsh Daily Maxi 

SAVOURIES AND SWEETS 

Suitable for Luncheons and Dinners By Miss M L Allen (Mrs A. 
Macaire), Author of “ Breakfast Dishes,” &c Thirtieth Edition, F'cap 
8vo, sewed ... . 1/0 

BREAKFAST DISHES 

h or Every Morning of Ihree Months By Miss Allen (Mrs A Macairb' 
Author oi ” Savouries and Sweets,” &c 1 wenty-second Edition. F’cap 8vo, 
sewed ... . > • 1 /O 

MOTOR CARS OR POWER CARRIAGES FOR COMMON 

ROADS. 

By A J Wallis-Taylkr, A M Inst C E Crown 8vo, cloth . . 4/6 

“A work that an engineer, thinking of turning his attention to motor carriage work, wo*-Ul 
do well to read as a preliminary to Stirling operations ’ — 

FRENCH POLISHING AND ENAMELLING. 

A Practical Book of Instruction, including numerous Recipes for making 
Polishes, Varmshts, Glaze Lacquers, Revi\eis, &c By R Bitmead 
C rown bvo, cloth “I /0 

CEMENTS, PASTES, GLUES, AND GUMS. 

A Guide to the Manufacture and Application of Agglutmants for Workshop 
Laboiatory, or Ofhee Use With 900 Recipes and rormulaB. By H C 
SiANDAOt Crown Bvo, cloth '2/0 

“As T rciclitiun of viliit are consKiertd trade secrets this oook mil arouse an aiiiuunt of 
curiosity diiioiig the 1 irgc miiubcr of industries it touches '—Daily Chrounie 

PRACTICAL ORGAN BUILDING. 

By W E Dickson, M A , Precentor of Ely Cathedral Second Edition, 
Revised Crown Bvo, cloth 2/6 i 

“ I he am ilcur builder will find m this book all tint is necessary to enable him persunall> to 
construct a perfect org m witli liis own hands — hadttny 

COACH-BUILDING; 

A Piaetical Tieatise, Historical and Descriptive By J W Burgess 
C rown Bvo, cloth 2/6 

I Ins h iiulbook will suppl> i long felt w mt, not only to m muf icturt rs themselves, but 
more p irtuularl> ipprcuUccs, md others eonnected with the trade of eoach buildmg * —huroptan 
Mail 

5EWING MACHINERY. 

Consttuctioii, History, Adjusting, &.C By J. W. Urquhart Cr Bvo 2/0 

WOOD ENGRAVING: 

A Practical and Easy Introduction to the Study of the Art. By W N 
Brow-^n Clown Bvo, cloth *1 /q 

LAUNDRY MANAGEMENT. 

A Handbook for Use in Private and Public Laundries CrBvo^cloth 2/0 

• This book should certainly occupy an honoured place on the slielves of all housekeepers 
who wish to keep theuisehes au conrant of the newest appliances and methods."— TViz Qtuen 
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HANDYBOOKS FOR HANDICRAFTS. 

BY PAUL N HASLTTCK. 

Author of “ Lathe Work,” Crown 8vo, 144 pp , pnce m each. 

t^Thes* Handybooks have been written to supply information /or Workmen, 
Students, and Amateurs in the several Handicrafts, on the actual Practice 0 / 
the Workshop, and are intended to convey in plain language T kchnical Know. 
LEDGE of the several Crafts In describing the ptocesses emfioved, and the manipu- 
lation of material, wof kshop terms are used , workshop pi utHce is fully explained 
• and the text is freely illustrated with drawings of modern tools, appliances, and 
processes. 


METAL TURNER’S HANDYBOOK. 

A Practical Manual for Workers at the Foot-Lathe 


With 100 Illustrations 

I/O 

It displays 


" The book will be of service alike to the amateur and the artisan turner 
through knowledge of the subject —Stvtsman 

WOOD TURNER’S HANDYBOOK. 


A Practical Manual for Workers at the Lathe With o»’er 100 Illustrations. 

1/0 

*' We recommend the book to young turners and amateurs A m, .titude of workmen have 
hitherto sought in vain for a manual of this speci il industry — Mechanical H''orld 


WATCH JOBBER’5 HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting With upwards of 

100 Illustrations .1/0 

" We strongly advise all young persons connected with the watch trade to acquire and study 
this inexpensive work — Clerkeniuell Chronicle 

PATTERN MAKER’S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Founders. With 
upwards of 100 Illustrations I/O 

“A most valuable, if not mdispensalile manual for the pattern maker ' —Knorvteige 

ME«:HANIC’S workshop handybook. 

A Practical Manual on Mechanical Manipulation, embracing Information 
on various Handicraft Processes With Useful Notes and Miscellaneous 
Memoranda Comprising about 200 Suhiects 1 /Q 

"A very clever and useful book, which should be found in every workshop, and It should 
certainly find a place in all technical schools — Saturday Review 

4 VIODEL ENQINEER’S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Knginex With 
upwards of 100 Illustrations . I/O 

, ^ “ Mr Hasluck has produced a very good little iKwk —Builder 

CLOCK JOBBER’S HANDYBOOK. 

A Practical Manual on Cleaning, Repaii mg, and Adjusting With upwards of 
xoo Illustrations . • >1/0 

" It is of inc^imable service to those commencing Uie trade —Coventry Standard 

CABINET WORKER’S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and Processes 
employed in Cabinet Work With upwards of 100 Illustrations 1 /Q 

" Mr Hasluck s thorough going little Handybook Is amongst the most practical guides wa 
have seen for beginners in cabinet work ” — Saturday Review 

WOODWORKER’S HANDYBOOK. 

Embracing Information on the Tools, Materials, Appliances and Processes 
Employed in Woodworking With 104 Illustrations . . 1/0 

“ Wrlttei^y a man who knows, not only how work ought to be done, but bow to do It, and 
tkow to convey nw knowl^ge to others —kngineenn^ 

"Mr Hasluck writes admirably, and gives complete Instructions Engineer 
" Mr Hasluck combines the experience of a practical teacher with the manipulative skill and 
scieotlhc knowledge of processes of the tramed mechanician, and the manuals are marvels c f what 
can be produced at a popular price — Schoolmaster 

" Helpful to workmen 01 all ages and degrees of experience ’ — Daity Chrettn U 
•• Cooclse, clear, and piacticaL”— Sarwv'aay Review 
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COMMERCE, COUNTING-HOUSE WORK, 
TABLES, ETC. 


LESSONS IN COMMERCE. 

By Professor R Gambaro, of the Royal High Commercial School at Gem a 
Edited and Revised by James Gauit, Professor of Commerce and Commercii.1 
Law in King’s College, London Fifth Edition Crown 8vo, cloth 3/6 
“ The publishers of this work have rendered considerable service to the cause ol commercial 
(diicition by the opportune production of this volume The work is peculiarly acceptable to 

1 mjlislv readers ind m nliniralile addition to existing class books In a phrase, we thiitk the work 
lit uus its object in funiishing a I rief acc ount of those laws and customs of British trade with which 
tht comnierci il in in interested therein sliould be familiar — Chamber ly Commerce journal 

" An nil ilu.ible guide in the hands of those who are prepanng for a commercial career, and, 
in f icl ilie iidorni itioii it contains on matters of business should be Impressed on everyone” — 
Loimtiii' 

THE FOREIQN COMMERCIAL CORRESPONDENT, * 

Being Auls to Coniniercial Correspondence in Five Languages — English, 
t rriich, German, Italian, and Spanish By Conrad E Baker Third 
Edition, Carefully Revised Throughout Crown 8vo, cloth . 4/6 

" Whoever wislics to correspond In all the languages mentioned by Mr Baker cannot do 
b« til 1 than studj this work the in trends of which are excellent and conveniently arranged Tl^ey 
i< insist not of entire spt i unen letters but — what are far more useful— short passages, sentoncesTot 
1 ihr is( exiircssing the same geiier d idt a in v irious forms — Atkefurum 

" A cireful t X tiuin.ition has convinced us that It Is unusually complete, well arranged and 
n li iblt 1 ho book is a thoroughly good one — Schoolmaster 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Hiiidlrook foi Accountants and Manufacturers, with Appendices on the 
Nomenclature of Machine Details, the Income lax Acts, the Rating of 
Jactoiies, F lie and Boiler Insurance, the Factory and Workshop Acts &c , 
including also a Glossary of lerms and a large number of Specimen Rulings 
By Emu ic (.akckk and J M Fells Fifth Edition, Revised and EnU^ged. 
Demy 8vo, cloth 7/0 

\ very Interesting descrijitlou of the re(|uireiiieiits of Factory Accounts The principle 

of ■iistiidlathig the 1 aclory At counts to the general commercial books Is one which we thoroughly 
ayuewith — Aicouutauts ^ourttat 

" C haracterised by extreme thoroughness There are few owners of factories who would not 
d( rn e great benefit irom the perusal of tins most admirable work — Local Government Chronicle 

MODERN METROLOGY. » 

A Manual of the Mctiical Units aiul Systems of tac present Century With 
an Appendix containing a proposed English System By Lowts d'A 
Jackson, A M lust C E , Author of “ Aid to Sur/ey Practice,” &c Large 
Cl own 8vo, cloth 12/6 

We reLommeiid the work to all Interested In the practical reform of our weights and 

nil isiircs —A/atute 


A SERIES OF METRIC TABLES. 

in which the British Standard Measures and Weights are compared with those 
of the Metric System at present in Use on the Continent By C H. Dowling, 
C.K 8vo, cloth ... 10/6 

'* Mr Dowluig's Tables are well put together as a ready reckoner for the converston of one 
s^eni Into the other "~-AthePueum 

IRON AND METAL TRADE5' COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from is per cwt to 112s per ewu, and from one farthing per pound to 
one shilling per pound By Thomas Downib Strongly bound m leather, 
396 PP . . . . ... 9/0 

*' A mom usefid ^et o( tables nuthlivg like them before existed. —‘Butldino’ Arms 
*' Aldnough specially adapts to the Iron and tuetai trades, the tables wtu be fmuMl useful in 
every' ether business in whtcti merchandise is bought and sold by weight AVivr 
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR, 

Containing u^ards of 450,000 Separate Ca' culations, showing at a Glance the 
Value at 422 Different Rates, ranging from lijith of a Penny to 20s each, or per 
cwt , and j^ao per ton, of any number of articles consecutively, fiom i to 470 
Any number of cwts , ars , and lbs , from i cwt to 470 cwts Any number of 
tons, cwts, qrs , and lbs, from i to 1,000 tons By Wn i iam Chadwick, 
Public Accountant Fourth Kdition, Revised and Impioved 8vo, strongly 
bound 18/0 

"It Is as easy of reference for any answer or anv uumt>er nf answers as a (Iktlonary Foi 
making up accounts or estimates the book must prove mvalualile t(» all who have any consirlerable 
quantity of calculations involving price and measure in any coinbin'itiun to do — bntixnee* 

"The most perfect work of the kind yet prepared — GiassoTu Herald 

THE WEIGHT CALCULATOR. 

Being a Senes of Tables upon a New and Comprehensive Plan, exhibiting at 
one Reference the exact Value of any Weight from 1 lb to 15 tons, at 300 
Progressive Rates, from \d to 168s per cwt , and contaimiig 186,000 Direct 
Answers, which, with their Combinations, consisting of a single addition 
(mostly to be performed at sight), will afford an aggiepate of io,266,tx.o 
Answers , the whole being calculated and designed to ensure coriectncss and 
promote despatch By Hknrv Harukn, Accountant Sixth Ec'ition, i arefully 
Corrected Royal 8vo, strongly half-bound . £1 6t, 

A practical and useful work of reference for nu 11 of business genera'' ' — Ironmonger 
"Of priceless value to business men - \h< I nat ; < loi" 

THE DISCOUNT GUIDE. 

Comprising several Series of Tables for the Use of Mei chants, Manufacturers, 
Ironmongers, and Others, by which maybe ascei tamed the h xact Profit arising 
from any mode of using Discounts, either in the Purchase 01 S.ile of Goods, and 
the method of cither Altering a Rate of Discount, or Advancing a Piicc, so as 
to produce, by one operation, a sum that will realise any required Piofit after 
allowing one or more Discounts to which aie added lables of Profit or 
Advance from ij to 90 per cent , lables of Discount from ij to gSj per cent , 
and Tables of Commission, &c , from A ft’ 10 per cent By Hknkv Hakbkn, 
Accountant New Edition, Corrected Demy 8vo, half bound £1 

" A book such as* this can only be appreciated by business men, to wliuin the saving oi time 
means saving of money The work must prove of greit value to merchan's in iiiuf u tiirurs, and 
geoer^ traders ” — Rrttish Trade youmal 

TABLES OF WAGES. 

At 54, 52, 50 and 48 Hours per Week Showing the Aiiiounis of W igcs from 
One quarter of an hour to Sixty-foui hours, m each cast at Kales of Wages 
advancing by One Shilling from 4s to 55s per week By 1 hos (iARBUTT, 
A''countant Square crown 8vo half bound 0/0 

*IRON-PLATE WEIGHT TABLES. 

For Iron Shipbuilders, Engineers, and Iron Merchants Containing the 
Calculated Weights of upwards of 150,000 diffeienl sizes of Iron Plates from 
1 foot by 6 in by J in to 10 feet by 5 feet by i in Worked out on the Ba-.!-- i f 
40 lbs to the square foot of Iron of 1 inch in thickness By H Bum inson 
and W H Simpson 410 half bound . d21 0». 

THE CGNPISE INTEREST CALCULATOR. 

( onta mug 'I ib't s it i , n' , 3 1,4' 4 / 5 p 1 1 < ut B> A M 

CaMiIUM, \ull)Oi ol ‘ 111 Concise t aleiitl II ( 1 1 .vv u o\ o, cicjth 

i/u.i / 2/6 


ORIENTAL MANUALS AND TEXT- BOOKS. 

NOTICE — Messrs Crosbv EocKvvof)D c/v S<ini will forward 
on aflplication a New and Revised List of Text-books and 
Manuals for Students in Oriental Languages, many of winch 
are used as Text-books for the Examinations for the Indian 
Civil Ser\ ice and the Indian Staff Corps , also as Class Rooks 
m Colleges and Schools m India. 
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AGRICULTURE, FARMING 


GARDENING, ETC. 


THE COMPLETE QRAZIER AND FARMER’S AND 

CATTLE BREEDER’S ASSISTANT. 

A Compendium of Husbandry OriRmally Written by Wn i iam Youatt 
Fourteenth K-dition, entirely Re-written, considerably Enlarged, and brought 
up to Present Requirements, by Wii i iam Fkeam, LL D , Assistant Com- 
missioner, Royal Commission on Agriculture, Author of “ The Elements of 
Agriculture," &c Royal 8vo, 1,100 pp , 450 Illustrations, handsomely bound 

£1 11s 60 
Book VII on the Brepoing, Rharinc, 
AND Management of Poultry 
I Book Viii on Farm offices ans 
' iMPiHMHNis OF Husbandry 
I Book IX on the Culiuke and Man 

I AC.HMENl OF GRASS LANDS 

Book X On the Culiivation and 
appi icAiiON OF Grasses, Pulse and 
R oois 

Book XI ON Manures and thrir 
Appi iCAiioN lo Grass Land Aijp 
Crops ^ 

Book XII Moniiily Calendars of 
Farmwork 

•* Dr Freaiti Is to be congratulated on the successful attempt lie has made to give us a work 
which will at once h« come the stuuLrd (lassie of the farm practice of the country We believe 
that It will be found that it has no compter among the many works at present in existence 
Tlio llluslrations are admirable while the frontispiece whit h represents the weU known bull 
New Years Gilt bred by tlie ^ueen, is a wt>rk. of art — I he I tmes 

"The book must be recognised as occupying the proud position of the most exhaustive work 
of reference in llie I nglish language on the subject with whu h it deals — A thenau*n 

‘‘The most comprehensive guide to modern f irm firaetu e that exists m the Englisli language 
to day The book is one th it ought to laj on every farm and in the library of evern lanci 

owner —Mark I ane 1 xpxss ^ 

“In point of exhaustiveness and accuraey the work will certainly hold a pre'eminent and 
unique position among books dealing with scientific agricultural practice It Is in fact, an agricul 
tural library in itself — North Brtttsh A^rttulfurtsf 

“ 1 Ills volume occupies the \er> front pLce is an authonlv on Biilish igurulturc, and even 
111 these (kiirtssid times 110 f inner vvortlij of tiie nunc, and tikmg^ 1 jirulL in Ins c illiiig, should 
icst satistu d until he liTs this gi ind work to reler to tor help in Ins struggle for existence and as a 
guide how to make the best cl Ins f irm —Jatm lied attdjurnur 

In Dr Frc un s accomphsli< d Ii inds ‘ 1 he Lomplete Grazier lias t (ken at a single bound 
.1 front place amongst the agricullurTl works of the day As a work of reference it has a 

lire eminent cliiin upon every tinner — I he farmer 

" ‘The t umplete tiraziei is it stands is a compendium of authoritative and wellordel.,d 
knowledge on cv< rv coiiccu iblr branch of the work of the live stock farmer, and the name of Dr 
I re un will be assO( lated with that of louctt — the latter as the prime author, the former as the 
peilcctor — of a production w hu h, oil the subiect of which it treats, is prob ibly without an equal m 
th s or my other countiy —Ihe i o> As/u > e J'oit 

5T0CK: CATTLE, SHEEP, AND HORSES. 

Vol III —OUTLINES OF MODEKNM’ ARMING By R Scott Burn 
W oodcuts Crow u 8vo, cloth 2/S 

“ 1 he author s gr isp of his subitct is thorough, and lus grouping of facts effective We 
commend this excelleiu treatise ’ — H eekly Dt<;paUh 

5HEEP: 

The History, Structure, Economy, and Diseases of By W. C Spooner 
bifth Edition, \Mth Engravings Crown 8vo, cloth , . 3/0 

“ The book is deculcdly the best of the kind in our 1 uiguage ’’ — Scotsman 


BOOK 1 ON THE Varieties Brfhdini^, 
Rearing, Fatifning and Manage 

MEN I OF CAriLH 

BOr)K II ON THE ECONOMY AND MAN 
ACHMFNl OF I HE DAIRY 

Book HI on the Breeding Rearing, 
AND MANA(RMHN1 OF HOKSHh 
BOOK IV On ike Breeding. Rearing, 
AND Fattening of sheep 
Book V on ihe Breeding, Rearing, 

AND FATIHNINC, OF SwiNE 
BOOK VI ON 1 UK Diseases of Live 
STOCK 


MEAT PRODUCTION: 

A Manual for Producers, Distributors, and Consumers of Butchers* Meat 
By John Ewart Crown 8vo, cloth . 2/0 

“ A compact and handy volume " — Meat und Prortstoit Trades Revtew. 
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AGRICULTURE, FARMING, GARDENING, 

MILK, CHEESE, AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produc- 
tion. Including a Chapter on Cream and the Methods of Us Separation from 
Milk. By John Oliver, late Principal of the Western Dairy Institute, 
Berkeley With Coloured Plates and aoo IIlu%trations Crown 8vo, cloth 

7/e 

“ An exhaustive and masterly production It may be cordially ecommended to all studriits 
.^v. 1 ractitloners of dairy science —North Srtttsh Ax'*tcit/turtsf 

"We recommend this very comprehensive and carefully written boolc to dairy farmers and 
students of dairying It is a distinct acquisition to the lUirary of the agrievdturist —Apru^ulturml 
GamttU 

BRITISH DAIRYING. 

A Handy Volume on the Work of the Dairy-Farm For the Use of Technical 
Instruction Classes, Students in Agricultural Colleges .rnd the Working Dairy- 
Farmer By Prof J P Shei don With Illustrations Second EditiotL 
Revised Crown 8vo, cloth 2/o 

• Confidently recotun ended as a useful text l>ook on dairy farming — Agricultural Ga»ettt 
' Probably the best 1 alf crown manual on dairy work that has yet t)een produced - 
Bulisli Apy'xcultunst 

• " It Is the soundest little work we have yet seen on the subject — 7 he Ttmrs 

DAIRY, PIGS, AND POULTRY. 

Vol IV OlJl LINES OF MOOLKN 1-AKMINC. lU R Sc ott Bukn 
W oodcuts Ciowii 8vo, cloth 2/0 

" We c in tf slil\ to tin tk irness uui uitt lli,^ilnlit j of thf ni ill r. nhnii hi Ixcn lompikd 
fi^ui the best iiithontics I on<io>t kr-uni 

THE ELEMENTS OF AGRICULTURAL GEOLOGY. 

A Scientific Aid to Practical Farming By Pkimuose McConnkli Author of 
“Nole-Hook of Agricultural Facts and Figures ” 8vo, cloth Net 21/0 

‘ On every fiage the work ticars the impress of a nnsterly knowicilge of thesutijeet It ill 
with, and we have nuthiiig but unstinted pr use to offer ’ — kteld 

PRACTICAL farming; 

In relation to Soils, Manur* s, and Crops, with i (liiptir on Hoincsteid 
Construction, including i niuuhir of pirns md s ftions li\ J' dmund I 
^Hbi'HEUD, Brofcssioual \bsoei ite of tlic Sur\tyors Inauuiion Dciny 

cloth \J Hst 4/6 

SOILS, MANURES, AND CROPS. 

Vol I— OUTLINES Oh MODERN h\RMI\G By R Sr ott Burn 
W oodcuts Crown bvo, cloth 2/0 

•fertilisers and FEEDINQ STUFFS. 

Their Properties and Uses A Handbook for the Practical Farmer By 
Bernard Dver, D Sc (Lond ) With the Text of the Fertilisers and Feeding 
Stuffs Act of 1893, 1 lie Regulations and Forms of the Bond of Agriculture, 
and Notes on the Act by A J David, B \ , LI M I ourth Fdition, Revised 
Crown 8vo, cloth 1 /O 

"This little book Is precisely what It professes to lie— 'A Handlxiok for tlio Practical 
Fanner ' Dr DSer has done farmers good service m placing at their fiisposaJ so much useful 
Information In so intelligible a form —The 7 ttnes 

THE ROTHAM5TED EXPERIMENTS AND THEIR 

PRACTICAL LE550N5 FOR PARMER5. 

Part I. Stock. Part II Crops. By C J R Tipper. Crown 8vo, cloth 

3/6 

•• We have no doubt that the book will be welcomed by a large class of farmers and oti ers 
interested in agriculture.”— S/arMCor-tf 

SYSTEAIATIC SMALL FARMING. 

Or, The Lessons of My Farm. Being an Inlroducllon to Mo^m farm 
Practice for Small Farmers By R Scott Burn, Author of Outline ^ 
Modem Farming," &c Crown 8vo, cloth . ... 6/0 

" This Is the completest book of Its class wc have seen, and one which every amateur farm* r 
wlfl read with pleasure, and accept as a guide."— 



54 


CROSBY LOCKWOOD & SON^S CATALOGUE, 


IHB F 1 BL 05 OF GREAT BRITAIN, 

A Text-Book of Agriculture Adapted to the Syllabus of the Science and 
Art Department For Elementary and Advanced Students By Hugh 
Clements (Board of Trade) Second Edition, Revised, with Additions 

i8mo cloth 2/o 

•• It Is a long time since vre have seen a Iniok which has pleased us more or which contains 
such a vast and useful fund of knowledge " — Educational Txmts 

OUTLINES OF MODERN FARMING. 

By K St OTT Burn Soils, Manures, and Crops — Farming and Farming 
l^conoiiiy CattU, Shetp, and Horses — Man igement of Dairy, Pigs, and 
Poultry --Utilisation of Town-Sewagt , Irrigation, &c Sixth Edition In 
One Vol , 1,250 pp , lialf-hoiind, profusely Illustrated 1 2/0 

“ Ilu Till) of tlu iiitlior h IS l>c« ti to make his work at om e comprehensive and trustworthy, 
and 111 tins Tim In* Ims siir<«<d«rl to a fli gree winch ciilitlts him to iimrh credit ' — Moimitz 
'iser 

FARM ENGINEERING. The COMPLETE TEXT-BOOK of. 

Comprising Draining and Embanking ; Irrigation and Water Supplv , Farm 
Roads, Fences and (jates , Farm Buildings , Barn Implements and Machines, 
Field Implements and Machines, Agricultural Surveying, &c By ProfesSQ” 
John Scott In One Vol , 1,150 pp , half-bound, with over 600 Illustrations 

12/0 

" Written with great care, as well as wdth knowledge and ability The author has done his 
work well , we have found him a very trustworthy guide wherever we have tested his statements 
The volume will la* of great value to agricultural students ‘ -^Mark I ant Express 

DRAINING AND EMBANKING. 

A Practic.il Iic.iiist By John S(oit, lato Prolessor of Agricultuie afid 
Rural Fronoiiiy <it the Roy d Agricultural College, Cirencester With 68 
Illustrations Crow n bvo, cloth "MG 

‘ A \ du.ilili, li iiulliuuk to t)i< <ii),iuter is well is to the si r\cj or — laud 

IRRIGATION AND WATER SUPPLY 

A Pi.ictical fuatise on Walt i Mtadows, Sewage Inigation, W.iiping, &c 
on the (onsiiuction of VV’tlls, Pon<K, and Reservous, <!ec By Professor 
J St 01 1 ( low’ii <Hvo, cloth . 1 /0 

'• \ \ dll ihU iiul indisptiis title hook foi the cst itc in mager and owner ’ —I ofCit/y 

FARM ROADS, FENCES, AND GATES: ^ 

A Pracilc.il luatise on the Roads, Tianiwavs, and Waterways of the 
harm, tlie Pi inciples of I* nclosni es , and on Fences, Gates, and Stiles By 
ITofi'ssor loHN Stoll C rown bvo, cloih 1/6 

A useful ]tr u liL il woik wliicli should la iii the hands of e\ cry f inner — / at met 

FARM BUILDINGS: 

'1 htit \n I'^eeincnt ind t on'tiueiion, with Plans and Estimates By Pro* 
fcssoi j Stori ( row 1) I vo, c’oth 2/0 

N o one w lu) IS L lilt d upon to dt si,;n f iriii huihliiigs l in aflord to lie w ithuut this work ’ — 
Ett/ldo , 

BARN IMPLEMENTS AND MACHINES: 

Ti eating of the ^ppl1catlon of Power to the Opeiations of Agriculture and 
of the \aiious M.iclum s tistil in the 1 hrt shing-barn, in the Stockyard, 
Dull), Ac By Professor John Scoit With 123 Illustrations Crown 
b\o, cloth * 2/0 

FIELD IMPLEMENTS AND MACHINES: 

With Piinciples. and Details of Construction and Points of Excellence, their 
Manageineiit, Ac By Piofessor John Scott With 138 Illustrations 
C 1 own 8\o, cloth , , 2/0 

AGRICULTURAL SURVEYING: 

A Treatise on I and Siuveying, I e^elllng, and Setting out , with Directions 
for lining and Rejioitiiig on 1 anus and Estates By Professor J Scott 
C lown 8vo, cloth . . . 1/6 

OUTLINES OF FARM MANAGEMENT. 

liiating of the CeniMal W'oiK of the barm, Stock, Contract Work, 

I ibour, Ac By R Scott Burn Crown 8vo, cloth . 2/6 

■ 1 he hook IS ciuiiiciitly prutied, and may l>c studied with ndvant'*}^c hy htgiiiners in 
agiivultuic, while It eontauis hints which will be useful to old and successful fanners ’ — Stotsman 
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OUTLINES OF LANDED ESTATES MANAGEMENT. 

Treating of the Varieties of Lands, Methods of hainung, the Sctnng out of 
Farms, Acc , Roads, Fences, Gatf s, hngation, 1 ham \g( , iS-c 1^) R S Bi kn 
C rown 8vo, cloth 2/6’ 

'• A cottUilele ind coniprtbei.sivc outline of the clutits ,i\>i)ert unnij; to the uiini^tuKut of 
landed estates o} f oirstr\ 

FARMING AND FARMING ECONOMY. 

Historical and Piactical \ ol 11 —(H^TLIM.S Oh M( iDLRNM 'RMING 
By R Scott Burn Ciown hvo cloth 3 O 

‘ Cmmently cikuliled to tnlii^htm tlK i*,nLiiltiii il on tlu \ iricd sulijcLts < f 

which It tieits , liciu e It should find i jil ice in t,\t l irini r lihrny l./i / > r •. ( 


UTILIZATION OF SEWAGE, IRRIGATION, &c. 

Vol V-OUTLINLS Oh MC)i:>FRN h ARMING Bj R Scon Bt rv 
W oodcuts Crown 8vo, cloth 2/6 

‘‘ A work tout uniinj \ dii ihle infonmtioii, wliK h will itt oiiiinci d iKilf to all inttrcstcil ii 
modem fanriiiii: ’ — / 


•NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES 

FOR FARMERS AND FARM STUDENTS 

By Primrose McConnell, B Sc , Fellow of the Highland and Agricultural 
Society, Author of “Elements of Farming’ 'sc-vcnih htluion, Rewritten, 
Revised, and greatly Enlarged Fcap 8vc, 480 pp le ither gilt edges 

[Just Puhltshtd A'tt 7/6 

* CONTENTS —SURVEYING AND LHVPI I ING — WHICHISANH MRASURKS — MACHINHKV 
AND BUILDINGS — BAHOUR — OPERATIONS — DRAININC — i MHANKINt — C.HOI ( )Gll AL 

memoranda — boiLs — Manures — cropping — crops —Rui a i ions — WhHUs — 
FEEDING —Dairying -Live Stock — Horscs — cat ilk — hniiKP — Pii.s — Poui i kv — 
Forestry — hoki iculi urk — Miscbli anhous 

‘ No tanner, and certainly no agricultural student ouglit to be without this multum tn fatvo 
manual of all subjects connected with the farm —North hftNih Ai;rnultuiMi 

• This little pocket book tout iiiis i 1 iryo iiii. iiiit ol list lul mforin il n 'ii iipoii ill V iiids of 
aRncultural subjects Soinetlnug of tlic kind h is long b< 1 11 u mli d — Math ! a>u I k/*! t 1 1 

• The auiouui ol iniofinai oa U coiiiaous is tnosl surpiising , ilio arrangeineni ui inc nirtller s 
Su methodical — although so cinuvjfC'MJd — as lo lit InielUgtble to everyone v. no lakes a glance through 
Us pages 1 hey teem with mfonmtion —I atyn ami Hovu 


TABLES and MEMORANDA lor FARMERS, GRAZIERS, 

AGRICULTURAL 5TUl)ENT5, 5URVHY0R5, LAND A0KNT3, 
AUCTIONKhRii, &c. 


With a New System of Faim Bookkeeping By Sidni v Francis I'lhb 
Edition 272 pp , waistcoat pocket size, liiiip leather 1/6 

" Wrlgliing less than i or , and orciipytngno more sp ice than a in itch Ixix It < out ilns amass 
of facts and calculations which 1 is never helore. In such haiuly form, b* « n obtain ible hven 
operation on the farm IS dealt with 1 he work may be t iken is thoroughly muritc iIm whuU ot 
the tables having been revised by Dr Freair We cordially ri ruinmeiul it - / -' . > /» ift v 
Jdetstnee* 


THE HAY AND STRAW MEASURER: 

New Table, fm llic Use of Aucllolii c r^, Valiu r , I allii< i , I lay ind Sllaw 
Dealers, Acc , forming a comph t( Calculator and Kc niv Kt cKoiu 1 
JohnStfuf Crow'll 8 vo, cloth 

“A mo* useful h indbr ok It should l.o m evirj i>rofLSsion tl ^Ihcc mIkk ik'o iilluril 
valuations arc coiiduclcti — I and .ii c/ti r AiaHif 


READY RECKONER FOR ADMEASUREMENT OF LAND. 


By A Arman Revised and extended 1>> C Nokkis, burst yoi 
Edition Crown 8vo, cloth 

•• A very useful liook to ill who have land to me isurc - !/«// / «'/'* 

“ ShoiiUl l>c in the li aids of all persons li iimg any comief lion with mU / 


I'lfth 

2/0 


, 1,1 —/ni/i Jc 


FOR MILLERS, CORN MER- 


READY RECKONER 

And Farmers Second Edition, rcvibfd, with a l>rice I 

Mill Machinery By W S Hutton, C E Crown bvo, do h 2/0 

•• Will proTC an mdispensable 7W<r J/w Notliing h is been sji ircf o iii i 
complete and perfectly adapted to Us special puriiose -Atilli r 
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BOOK - KEEPING FOR FARMERS AND ESTATE 

OWNER5. 

A Practical Treatise, presentin^j, in Three Plans, a System adapted for all 
classes of Farms Bv J M Woodman, Chartered Accountant Pourt^ 
Edition Crown bvo, cloth 2/o 

• Will l)i found of it assisijnce bj' those Avho intend to cnninience a system of book 
keeping the autho'-s e\ iniplcs being cltir and explicit, and Ins expl.iiiations full and n curate 
Live i>(otk 'yoHutal 

WOODMAN’S YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Labour Account and Diary, and showing the lacome and 
Expenditure under each Department of Crops, Live Stock, Dairy, &c, &c 
With Valuation, Profit and Loss Account, and Balance Sheet at the End of the 
Year By Iohnson M Woodman, Chartered Accountant Second Edition 
Folio, half-bound Net 7/6 

" Contains every requisite for keeping farm accounts readily and accurately "•^Agr^cultttrt 

THE HORTICULTURAL NOTE-BOOK. 

A Manual of Piactical Rules, Data, and lablts, for tlie use of Students, 
Ciardcners, Nurserymen, ami otheis interested in Flower, Fiuit, and Vegetable 
CuluuL, or in the I aying out and Management of (lardens Bj J C 
Nkwsiiam, F R H S , IJtadmasier of ilie H impshire County Council 
Hoi Lieultural School With numerous Illustrations Feap 8vo, cloth 

[Just I ubhshcd ^et7/S 

MARKET AND KITCHEN GARDENING. 

By C W Shaw , late bditoi of “ G.ii dening Illusiiatc (1 ” CrownSvo 3/^i 
" 1 he most \ ilu ible coiiqtemhuni of kilehcn aiul in uket g udtn \s oik piibhslied ' — I attner 

A PLAIN GUIDE TO GOOD GARDENING; 

Or, How to Grow Vegetables, Fruits, and Flowers By S Wood Fourth 
Edition, with considerable Additions, and numerous Illustrations. Crown 
8vo, cloth . .... . , 3/6 

'• A very good book, and one to be highly recommended as a practical guide. The practical 
directions are excellent —Athenaum 

THE FORCING GARDEN; 

Or, How to Grow Early Fruits, Flowers and Vegetables With Plans and 
Estimates for Building Glasshouses, Pus and Frames. With Illustrations 
By Samuel Wood Crown Bvo, cloth 3/6 

“A good book, containing a great deal of valuable teaching "—Gardtntrs' 

KITCHEN GARDENING MADE EASY. 

Showing the Inst nuans of Cultivating evciy known Vegetable and Herb, 
&.C , wjili directions for ni.inagt incnt all the year round By Geo M. F 
Gii-nn\ lllustraltd C low n 8\(i, cloth . -1/6 

• Jill. Imok will bt fouml triistwortln ukI u-ieful ’ — "Sotth A nt 

COTTAGE GARDENING; 

Or, riowcis, 1 lints, and \ cgctablcs or Small Gardens By E Hobdav . 
Cl ow n bvo, cloth f 1/6 

• Dchnile iiislruclioiis istotlu culm ition of small garden^, ” — Scotsman 

GARDEN RECEIPTS. 

Ediu d by Charll b \\' Quin Fourth Edition. Crown 8vo, cloth . 1/6 

“A singul irl} cuuiiilclo collection of Hu priiuip il receipts needed bj gardeners ' — I^armer 

MULTUM-iN-PARVO GARDENING; 

Or, How to Make One Acre of Land produce a year, by the Cultivation 
of Fruits and Vegetables , also, How to Grow Flowers in Three Gl^ Houses, 
so as to realise ;^i 76 per annum clear Profit By Samuel Wood, Author of 
“ Good Gardening," &c Sixth Edition, Crown Bvo, sewed . . - I/O 

THE LADIES’ MULTUM-lN-PARVO FLOWER GARDEN. 

And Amateiu's Complete Guide. By S. Wood. Crown Svo, cloth . 3/6 
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FRUIT TREES, 

The Scientific and Profitable Culture of Prom the French of M Du 
Breuil Fifth Edition, carefully Revised by Gforge Gipnny 
Woodcuts Crown 8vo, cloth 

“The book teaches how to prune and tram fruit trees lo perfection Field 

ART OF QRAFTINQ AND BUDDINQ. 

By Charles Baltet With Illustrations Crown 8vo, cloth . 

“The one standard work on tins subject — i otsinan 


With 1^7 

3/6 

. 2/6 


TREE PRUNER: 

Being a Practical Manual on the Pnimng of bruit Trei s, nicUuilng also 
their Tiaining and Rcuiovation, also treating of the Pruning of Shrubs, 
Climbers, and blo\\ering Plants Wuh mmieious Illiistr uions By 
Samufl Wood, AiJlhoi of “ Good Gar<lc/m/g, Ac C rov^ n ^vo, cloth t /6 

“ A useful book, written by one who h is h ul t'rc it csj.ericnce l/az-t 1 <i>te I \p?, tj 

TREE PLANTER AND PLANT PROPAGATOR: 

• With numerous Illustrations of Grafting, L lytiing. Budding, implements, 
Houses, Pits, Ac By S Wood Cioun 8vo, r loth 2/0 

“ Sound in Us teicliiiig and v« ry eoinprchen i\c III Us .1)111 Ills i gom Imok —uaydemrs' 

Mai^azifie 

*♦* Ihc above Vivo Vols :n One, hamlsoinclv half bounl, intitUd “Thk Ikfe 
Planter, pROi'AGArou AND Pkunlk ” l^y Samui i Wood J’ncc 3IS 

• 

THE CULTIVATION AND PREPARATION OF PARA 

RUBBER. 

By W II Johnson, 1- L S , b R H S Hvo cloth . Nci 7/6 

bor Summary of Contents, see page 4^ 

POTATOES: HOW TO GROW AND SHOW THEM. 

A Practical Guide to the Cultivation and General 1 rcatnient of the Potato 
^By J Pink Crown 8vo 2/0 

BEE5 FOR PLEASURE AND PROFIT. 

A Guide to the Manipulation of Bees, the Production of Honey, and the 
General Management of the Apiary By G Gordon Samson With 
numerous Illustrations Crown 8 vo, wrapper . *1/0 


AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, ETC. 

INWOOD'S TABLES FOR PURCHASING ESTATES 

AND FOR THE- VACUA riON OP PROPERTIES, 

Including Advowsons, Assurance Policies, Copyluilds, Defeired Annuities, 
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 
Mortgages, Perpetuities, Renewals of I eases, Reversions, Sinking Funds, 
&c , &c 28th Edition, Revised and Extended by Whiiam Schooling, 
F R A S , with Logarithms of Natural Numheis and 1 woman’s l.ogarithmic 
Interest and Annuity Tables 365 pp , Demy 8vo, cloth JVet 8/0 

** Those ttterested In the purchase and s^ale of estates, and In the adjustment of compensation 
cases, as well as m transactions In annuities, life insurances. &c , will tind the present edition of 
eminent service "—hnsxneerxng .... . 

•* This valuable book has been considerably enlarged and improved by the labours of 
Mr Schoolmg, and is now very complete mtleed ” — Economist 

“ Altogether this edition will prove of extreme value to many classes of profesMonal men In 
having them many long and tedious calculations ” — Investors Rtrtnew 
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AQRICULTURAL SURVEYOR AND ESTATE AGENT’S 

HANDBOOK. 

Of Practical Rules, Formulae, Tables, and Data A Comprehensive Manual 
for the Use of Surveyors, Agents, Landowners, and others interested in t^«? 
Equipment, the Management, or the Valuation of Landed Estates By 
Tom Bright, Agricultural Surveyor and Valuer, Author of “ The Agri- 
cultural Valuer's Assistant," &c. With Illustrations Fcap 8 vo. Leather 

Net 7/6 

“ An exceedingly useful book, the contents of which arc admirably chosen The classes for 
whom the work is intended will find it convenient to h ive this comprehensive handbook accessible 
for reference ” — Ltve SfotJb yournaC 

“ It IS a singularly compact and well informed compendium of the facts and figures likely to 
be required in estate work, and is certun to prove oi much service to those to whom it is 
addressed ’’ — ’icotsffuin 


AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Man’jal of Instruction and Counsel for the Young Auctioneer By Robert 
Squibbs, Auctioneer Second Edition, Revised Demy 8vo, cloth . 1 2/6 

"The wo k is one of general excellent character and gives much Information in a cocp- 
pendious and satisfactory form — Builder 

"May be recommended as giving a great deal of Information on the law relating to 
auctioned s, in a very readable form — 1 atu youmal 


THE APPRAISER, AUCTIONEER, BROKER, HOUSE 

AND ESTATE AGENT AND VALUER’S POCKET ASSISTANT. 

For the Valuation for Putchase, Sale, or Renewal of Leases, Annuities, and 
Reversions, and of Property generally , with Prices for Inventories, &c By 
John Wheei kr. Valuer, &c Ke-wntten and greatly Extended by C Norris. 
Seventh Edition Royal 32mo, cloth .... 6/0 

" A mat nui concise book of reference, cont lining an admirable and clearly arranged list of 
prices for inventories, and a very pr ictK al guide to determine the value of furniture, &c — Standard 
"Cont nils a 1 irge qu intily of varied and usciul infonnation as to the valuation for purchase, 
s lie, or renewal of leases, aniuiities and reversions, and of property generally, with prices for 
iiiveiitorics, and a guide to determine the value of interior fittings and other effects ” — Builder 

THE AGRICULTURAL VALUER’S ASSISTANT. 

A Practical Handbook on the Valuation of Landed Estates , including 
Example of a Detailed Report on Management and Realisation, Forms of 
Valuations of Tenant Right , Lists of Local Agricultural Customs , Scales of 
Compensation under the Agiicultural Holdings Act, and a Brief 1 realise on 
Compensation under the Lands Clauses Acts, &c By loM Bright, Agricul- 
tural Valuer Author of “ 1 he Agricultural Surveyor and Estate Agent’s 
Handbook " I'ourth Edition, Revised, with Appendix oontaming a Digest of 
the Agricultural Holdings Acts, 1883 — iqoo Crown 8vo, cloth Net 6/0 

" Full of tables and examples In connection with the valuation of tenant right, estates, labour, 
contents and weights of timber, and farm produce of all kinds — Agricultural Gazette 

" An eminently practical handbook, full of practical tables and data of undoubted Interest and 
value to surveyors and auctioneers in preparing valuations of all kuids — hamur 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Underwoods, their Valuation for 
Purposes of Transfer, Rental, Sale or Assessment By Tom Bright Crown 
8vo, cloth . 3/6 

" J o \ tlucrs foresters and agents It will be a welcome aid " — North British A i^rii ulturist 
' Well c ilculcitcd to assist the valuer in the discharge of his duties, and of undoubted Interest 
and use butli b) Nurveyors and auctioneers m preparing venations of all kinds. ‘—Kent Ho aid 

THE LAND IMPROVER’S POCKET-BOOK. 

Comprising Formul*, Tables, and Memoranda required in any Comj^tation 
relating to the Permanent Improvement of Landed Property By John Ewart, 
Suivetor Second Eiiitirn Revised Royal 33mo, oblong, leather . d^lQ 

* A compciulujus uul haiidi little \ulumc — SJnttator 
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THE LAND VALUER’S BEST ASSISTANT. 

Being Tables on a very much Improved Plan^ for Calculating the Value of 
Estates With Tables for reducing Scotch, Irish, and Provincial Customary 
Acres to Statute Measure, &c By R Hudson, C E New Edition 

Royal 32 mo, leather, elastic band 4/0 

•• Of Incalculable value to the country gentleman and professional m9.n.’'—Fann€rs' yournal 

THE LAND VALUER’S COMPLETE POCKET-BOOK. 

Being the above Two Works bound together. Leather . . 7IS 


MATHEMATICS, ARITHMETIC, ETC. 


IKEATISE ON MATHEMATICS, 

As applied to the Constructive Arts By Francis Ca^ipin, CE, &c. 
Third Edition Crown 8vo, cloth . . . 3/0 

“Should be in the hands of e\ery one connected witli bmkhne construction” — Ihiildtrs' 
I^poiter 

SLIDE RULE, AND HOW TO USE IT. 

Containing full, easy, and simple Instructions to perform all Business Cal- 
rulations with unexampled rapidity and accuracy By Chari ls IIoari-, 
C E With a Slide Rule, in tuck of covei Eighth Edition Cr 8vo 2/6 

MATHEMATICAL TABLES, 

For Trigonoinrtrical, Astronomical, and Nautical Calculations , to which is 
prefixed a Treatise on Logaiithins By H 1 aw, C E 'Together wuth a 
• Senes of Tables for Navigation and Nautical Astronomy Jiy Professor 


J R Young New Edition Crown 8vo, cloth . 4/0 

LOGARITHMS. 

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical 
Calculations By Hi nryLaw, C E Revised Edition (hornnng part of 
the above w'ork ) Crown 8vo, cloth . 3/0 

EUCLID, 

The Elements of, with many Additional Piopositioiis and Explanatory 
Notes, to w hich IS prefixed an Introductory Essay on Logic By Hfnry 
Law, C E Crown 8vo, cloth . 2/6 

Sold also sefyaratcly, VIZ — 

EUCLID The First Three Books By Henry Law', C E) Crown 8vo, 
cloth ♦ 1/6 


EUCLID Books 4, 5, 6 ii, 12 By Henry Law, C E Crown 8vo, cloth 


theory of compound interest and annuities. 

With Tables of Logarithms for the more Difficult Computations of Interest, 
Discount, Annuitic's, &c , m all their Applications and Uses for Mercantile 
and State Purposes By Fedor Thoman, of the Societe Credit Mobilier, 
Paris. Fourth Edition Crown 8vo, cloth . . . 4/0 

“ A verv powerful work, and the aiitlior has i verj rein irkahle connnand of Ins subject ” — 
Professor A*1)F MoRt AN “ Wc rtroimncnd it to tlie notuc of actuaries aiul accountants 
Athenceum 

ARITHMETIC, 

Rudimentary, for the Use of Schools and Self-Instruction By Jamfs 
Haddon, M A. Revised by Abraham Arman. Crown 8vo, cloth , 1/6 
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ARITHMETIC, 

A Rudimentary Treatise on with full Explanations of its Theoretical Prin- 
ciples, and numerous Examples for Practice For the use of Schools and 
for Self-Instruction By J R Young, late Professor of Mathematics ii^ 
Belfast College fourteenth Edition Crown 8vo, cloth . . . 1/6 

KEY TO THE ABOVE: 

By J R Young Crown 8 vo, cloth 1/0 

EQUATIONAL ARITHMETIC, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce with various Tables by which all calculations may be greatly 
facilitated By W Hipslly Crown 8vo, cloth 1 /0 

COMMERCIAL BOOK-KEEPING. 

With Commercial Phrases and Forms in Pmglish, French, Italian, and 
German By Tames IIaudon, M A , formerly Mathematical Master, King’s 
College School Crown 8vo, cloth . 1 /0 

ALGEBRA. 

The Elements of By James Haddon, M A , formerly Mathematical 
Master of King’s College School With Appendix, containing Miscellaneous 
Investigations, and a collection of Problems Crown 8vo, cloth 2/0 

KEY AND COMPANION TO THE ABOVE. 

An extensive repository of Solved Examples and Problems in Illustration 
of the various Expedients necessary m Algebraical Operations By J R 
Young Crown 8vo, cloth , 1/0 

DESCRIPTIVE GEOMETRY, 

An elementary Treatise on , with a Theory of Shadows and of Perspective 
extracted from the French of G Monge To which is added a Description 
of the Pimciples and Practice of Isometneal Piojection By J f Heather, 

M A With 14 Plates Crown 8vo, cloth ^ 2/0 

PRACTICAL PLANE GEOMETRY: 

Giving the Simplest Modes of Constructing Figures contained in one Plane 
and Geometrical Constiuction of the Ground By J F Heather, M A 
Crown 8vo, cloth 2/0 

*’ riie luthor is well known as an e\i)enencecl professor, ind the ■vuluine contains as complete * 
a collccuoii of problems as is likely to be required m ordinary practice ’ — .lnhitett 

ANALYTICAL GEOMETRY AND CONIC SECTIONS, o < 

By J Hann Enlarged by Professor j R Young Ciown 8 vo, cloth 2/0 

“ rUe author s style IS exceedingly clear and simple, and the book is well adapted for the 
beg-inner and those who iiny be obliged to liive recourse to self tuition ’ — / /t^tneer 

PLANE TRIGONOMETRY, < 

The Elements of By James Hann, M A Seventh Edition. Cr 8vo. 1 /0 

SPHERICAL TRIGONOMETRY, 

The Elements of By James Hann Revised by Charles H Dowling, 

C E Crown 8vo, cloth . . • • 1 /O 

Or with '^Ihe Elements of Plant Trigonometry " %n One Vol Crown 
8vo, cloth . . .... 2/6 

DIFFERENTIAL CALCULUS, 

Elements of the By W S B Woolhouse. Crown 8vo, cloth . 1 /6 

INTEGRAL CALCULUS. 

By HoMERbHAM Cox, B A. Crown 8vo, cloth 


1/6 
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MATHEMATICAL INSTRUMENTS, 

A Treatise on , Their Construction, Adjustment, Testing, and Use concisely 
explained. ] F Hfathfr, M A , of the Royal Military Academy, 
Woolwich Fifteenth Edition, Revised with Additions, by A T Walmis- 
iijY, M Inst C E , Fellow of the Surveyors’ Institution Original Edition in 
One Vol , Illustrated Crown 8vo, cloth . 2/0 

*** In oiiieung be caieful to ^ay ^H)ugtnal Fdtfton,” to (U%tingui%h tt fiom the 
hnlaiged h dition tn Thice Fo/s (see bclon') 

DRAWING AND MEASURING INSTRUMENTS. 

Including — I Instiuments tiiijiloycd in Geometrical and Mechanical Draw- 
ing, and in the Constructiou, Cojjying, and Measurement of Maps and 
Plans II Instruments used tor the })urposes of Accurate Measurement, 
and for Arithmetical Computations By J P' Ufather, M A Cr 8vo "1/6 

OPTICAL INSTRUMENTS. 

Including (more especially) Telescopes, Microscopes, and Aj>pTratus for 
pioduciiig cojiies of Maps and Plans by I'liotogiaj)]]} B\ J P 4i ather, 
MA Illustrated Crown 8\ o, cloth 1 /© 

SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including— I Instiuments used for Ditermining the G( ometncal Features 
of a portion of Giound II Instruments r mployed in Astronomical Obser- 
vations By J P Heather, M A Illustrated Crown 8vo, cloth 1 1S 
* 4 * Ihe above IJnee Volumes foim an Enlaigcmcnt of the Author's ougtnal work 
Mathemattcal Instruments,” puce 2 / 0 . 

MATHEMATICAL INSTRUMENTS: 

Their Constiuction, Adjustment, 1 esting and Use Comprising Drawing, 
Measuring, Opitical, Surveying, and Astronomical Instiuments By J F 
Heather, M A Knlargecl Edition, foi the most part re-writtcn Three 
Parts as above Ciown 8vo, cloth . 4/6 

An cxlimstive lu ali'-e, j)el()ni,iiif; to the \\e11 known Weilcs Serus Mr Heather’s experi 
enc^ ell fiuaiifies him for the lask lu In, so iMj inlfilled —J ) ini; ajtd Ttme^ \ 


STATICS AND DYNAMICS, 

The Principles and Practice of, embracing also a clear development of 
Hydrostatics, Plydrodynamics, and Cential Poires By T I^aki-r, C 
Pourth Edition Ciow ii H\o, cloth 1 /© 
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LAW AND MISCELLANEOUS. 


EVERY MAN’S OWN LAWYER. 

A Handy-Book of the Principles of Law and Equity With a Concise 
D iciioNAKY OF Llgal Terms By A Barrister Forty-third Edition, 
carefully Revised, and comprising New Acts of Parliament, including the 
'Irades Majks Act, 1905, Railway Fires Act, 1905, Aliens Act, 1905, 
Uneviployea ]Vo}kmen's Act, 1905, Marriages Act, 1905, Prevention of 
Ciuelty to Children Act, 1904 , Weights and Measures Act, 1904 , Shop Hours 
Act, 1904, and many other recent Acts, including the New Law relating to 
the (ji anting of Patents for liivenfons, which came into operation on Jan 1, 
1905 Judicial Decisions pronounced during the year have also been duly 
noted Large Crown 8vo, 838 pp , cloth Published Net 6/8 

*** Thxs Standard Work oj Rejerence forms K Complete Epiiomb of the 
Laws of England, comprising {amongst other matter), * 


THE RIGHTS AND WRONGS OF INDIVIDUALS 


Landlord and Tenant 
Vendors and Purchasers 
Contracts and agreements 
CONVI iYANCfiS and MORTGAGES 
JpINT SIOCK COMPANIES 
PARTNERSHIP SHIPPING LAW 

Dealings wi I II Money Suretiship 
Cheques, Bills and notes 
Bills of Sale bankruptcy 
Masters. Servants and workmen 
insurance Life, ALtioBNi, Lie 


Copyright, Patents, Trade Marks 

HUSBAND AND WIFE, DIVORCE 
INFANCY, CUSTODY OF CHILDREN 

Trustees and executors i 

Taxes and Death Duties 

rLKRG\Mi N, DOCIORS, AND LA^\YERS 
PARLIAMKNl ARY ELECTIONS 
local G0\I RNMHMl 
I IRHL AND SLANDER 
NUlsANChS CRIMINAL LAW 

GAML Laws, Gaming, Innkeepers 


Forms of Wills, agreements. Notices, &c. 


The object 0/ this -work is to enable those who consult xt to help themselves to the 
law , and thereby to dispense, as /ar as posstble, with pro/essxonal assxstance and advtce \£Jr«re 
are many wrongs and grievances which persons submit to /rom time to time through not 
knowing how or where to apply for redress . and many persons have as great a dread qf a 
lawyer s odice as 0/ a lion s den With this book at hand it is believed that many a SiX-AND 
EIGHTPHNCE may be saved , many a wrong redressed , many a right reclaimed , many a lam 
suit avoided, and many an evil abated The work has established itself as the standard legal 
adviser 0/ all classes, and has also made a reputation for itself as a useful book of reference for 
lawyers residing at a distance from law libraries, who are glad to have at hand a work 
embodying recent decisions and enactments 


Opinions of the Press. 

"The amount of information given m the volume is simply wonderful The continued 
popularity of the work shows tJiat it fulfils a useful purpose "—Law foumal 

“ As a book of reference this volume is without a rival ’ —Pali Mall Gazette 
“ No Englishman ought to be without this book." — Engineer 
“ Ought to be 111 every business establishment and in all libraries ” — Sheffield Post 
" The ‘ Concise Dictionary ’ adds considerably to its value ” — WestmtnsterK»azette 
" It Is a complete code of English Law written in plain language, which all can understand 
Should be in the hands of every business man, and all who wish to abolish lawyers' bills.''— 
Weekly Times 

“ A useful and concise epitome of the law, compiled with considerable care ” — Law Magazine 
** A complete digest of the most useful facts which constitute English law ''—Globe 
"Admirably done, admirably arranged, and admirably cheap ' — Leeds Mercury 
" A concise, cheap, and complete epitome of the English law. So plainly written that he who 
runs m ly read, and he who reads may understand '—Etgaro 

" A dictionary of legal facts well put together The book Is a very useful one "—Spectator. 


LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts or Works and Services. By 
David Gibbons. Fourth Edition, with Appendix of Statutes by T. F Uttlby, 
Solicitor, Fcap, 8 vo, cloth 3/6 
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HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Oiders for 
the Authorisation of Railways, Tramways, Gas and Water Works, &c 
By L L Macassey, of the Middle Temple, Bamster-at-Law, MICE 
8vo, cloth . £1 6 «. 


PATENTS for INVENTIONS, HOW to PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others By G G M 
Hardingham, Assoc Mem Inst C E , &c Demy 8vo, cloth . 1/G 


CONCILIATION & ARBITRATION in LABOUR DISPUTES. 

A Historical Sketch and Biief Statement of the Present Position of the 
Question at Home and Abroad By J S Jeans Crown vo, aoo pp , 
cloth 2/6 


MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist By John 
B Mackie, Fellow of the Institute of Journalists Crown 8vo, cloth 2/0 
“ This invaluable guide to ioum.ilibm is a work winch all aspirants to a jo» rnahstic career will 
read with advantage ’ — yout-nali^t 


DICTIONARY OF PAINTERS, 

And Handbook for Pictuie Amateius , bi mg i Gmd( for Visitors to Public 
and Private Picture Galleries, and for Ait Studi nts, including Glossai> of 
leims, &:c By Phii ippl Dar\i , B A Cvown 8vo, cloth 2/6 

“ Coiisidomig its sMull coinpiss, u allj idmird>Ic e cordi illy rccmimiend tlit book ' — 
Putldt ? 


DICTIONARY OF TERMS USED IN ARCHITECTURE, 

Building, Engmeeung, Mining, Mitalluigy, Arcluoolog), the bme Aits, &c 
-By John \\'iAri' Sixth Edition Edited by Koi'i Huni, I' KS, 
Numerous Illustiations, Ciown H\o, cloth 6/0 

“ 1 he best bill ill ti clmolo^ic h 1 du lion 11 s in tin. lin.fuigt — UiJiitut 


NATURAL PHILOSOPHY, 

For the Use of Beginners By C Tomlinson, F R S Ci 8\o, cloth 1/0 

• 

HANDBOOK OF FIELD FORTIFICATION. 

^ By Majoi W W Knollv s, PROS Ciown 8\o, cloth 3/0 

“ A well timed and able contribution to our inilil iry lilciaturc Tlic lutliur suppliis iij 

clerr bnsinebb style all llic niforination likely m be piicticilly useful ii/ loz/mn n 

Lhi oniL le 


COMPENDIOUS CALCULATOR 

(Intuitive Calculations) , or Easy and Concise Methods of pciformmg the 
various Arithmetical Operations required 111 Commercial and Business 
Transactions, together with Useful Tables, &c By Danii<l O’Gorman 
Twenty-eighth Edition, revisf d by C Norris Crown 8vo, doth 2/6 

“It would be difticult to exaggerate the usefulness of tins book to e\ery one eng iged in 
commerce or nianufacluniig indublry It is crainmed lull witli rubs and fomuilie for sliorteimig 
and employing calculations in moneys weights and iiit .isiires, Ac , of e\cry sort and dtscriyTtioii — 
KitoTt Udj^e 

MEASURES, WEIGHTS, AND MONEYS OF ALL 

NATIONS, 

And an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W S B WooLHOUSE, F R A S Seventh Edition Ci 8vo, cloth 2/6 
“ A work, necessary for every mercantile office ” — Bmldim^ I lades youi )ial 
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SPANISH GRAMMAR. 

In a Simple and Practical Form With Exercises. By Alfrfd Elwes 
C rown 8vo, cloth . • • • • 1 /6 

SPANISH-ENGLISH AND ENGLISH-SPANISH DIC- 

TIONARY. 

Including a laige number of Technical Terms used in Mining, Engineering, 
he , with the prop? r Aca iits and tlu Gtndc r of ( v( i y Noun By Ar t red 
Elwes Crown 8vo, cloth . . . 4/0 

PORTUGUESE GRAMMAR. 

In a Simple and Piactical loirn With Exeicises By ALrRRD Elwfs 
Crown 8vo, cloth *|/0 


PORTUGUESE-ENGLISH AND ENGLISH-PORTU- 

GUESE DICTIONARY. 

Including a large number of Teehnical Teims used in Mining, Engineering, 
&c , with the proper Accents and the Gender of every Noun By Alfred 
Ei wf s Imurth Edition, revised Ciown 8vo, cloth 5/0 


ANIMAL PHYSICS, 

Handbook of By Dionysius Lakdnfr, DCL With 520 Illustrations 
In One Vol (732 pages) Ci own 8vo, cloth . 7/6 


MUSIC, 

A Rudimentaiy and Piiictical Ticati'-e on By C C Spencpr Crown 8vo 

2/6 

‘ Mr Sj)ciiciilii III ir ]i tllid Ins iiiforiii ition AMlh iniK li ^kil] niitM et willi a simplicity that 
must rccDiiiiiH iicl lii‘ imii ks to all w Iio \ms1i to tliuroiij^dily un<l< rstand iiiiisic —Ueekly limes 


PIANOFORTE, 

The Art of Playing the With Exercises and Lessons By C C SpfiK er 
Crown Hvo, cloth . *1 /0 

‘ A sound iml excellent work, wiittcn AMth spirit, and calculated to inspire the pupil with a 
d( sirt to aim at hi^h iccomplishnient in the art — Stheol Hoatd Chromtle 



INDEX OF SUBJECTS. 


Acetylene Gas, Gthhs, 43 
Acoustics, Smith, 35 
Aerial Navigation, Walker, ii 

Tramways, TayJer, 1 

Agricultural Geology, McCon- 
nell, 53 

Note Book, McConnsIl, 55 

Surveying, Scott, 54 

~ — Surveyor, Bright, 58 

Valuing, Bright, 58 

Air Machinery, Weisbach, 10 
Algebra, H addon, 60 
Alkali Trade, Lomas, 43 
Alphabets, Delamotte, 39, 40 
Alternating Current Machines, 
Sheldon and Mason, 29 
Angles, Tees, Plates, Beams, 
19 

Animal Physics, Lardner, 64 

Physiology, Lardner, 42 

Appraiser’s Assistant, Wheeler, 

58 

* Arches, Piers, &c , Bland, 32 
Architect’s Guide, Rogers, 35 
, Architectural Drawings, Reilly, 

'31 

Modelling, Richardson, 35 

Architecture, Ancient, 35 

Civil, Chambers, 35 

Design, Garbett, 35 

Grecian, Aberdeen, 35 

Mechanics of, Tarn, 35 

Modern, 35 

of Vitruvius, Gwilt, 35 

Orders, Leeds, 35 

Orders and Styles, 35 

Styles, Bury, 35 

Arithmetic, H addon, 59 

Young, 60 

Equational, Hipsley, 60 

Armatuie Windings, Arnold, 29 


Artists’ Pigments, Standage, 44 
Asbestos, 27 
Astronomical Glossary, Gore, 41 
Astronomy, Lardner, 42 

Main and Lynn, 41 

Auctioneers, Sqmbus, 58 

Barn Implements, Scott, 54 
Beams, Flexure of, Guy, 18 

Properties of, 19 

Bees, Samson, 57 
Blast Furnaces, Stevenson, ii 
Blasting, Burgoyne, 19 
Blowpipe, Ross, 43 
Boiler and Factory Chimneys, 
Wilson, 3 

Boilers, Armstrong, 4 

Bauer, 20 

Courtney, 3, 4 

• Foley, 2 

Horner, 3 

Hutton, 3, 4 

Wilson, 3 

Book-keeping, Haddon, 60 

for Farmers, Woodman, 56 

Boot and Shoe Making, Leno, ^5 
Brass Founding, Graham, 47 
Bread and Biscuit Baker, Wells, 
47 

Breakfast Dishes, Allen, 48 
Brewing and Malting, Wright, 
42 

Brick and Tile Book, 33 

Making, Dobson, 32 

Brick-cutting, Hammond, 32 
Bricklaying, Hammond, 32 
Brickwork, Walker, 32 
Bridges, Iron, Humber, 16 

Iron, Pendred, 17 

Oblique, Buck, 16 

Tubular, Dempsey, 17 
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Bridges and Viaducts, Cantptn, 

17 

British Mining, Hunt, 25 
British Standard Sections (Dia- 
grams, Definitions, &c ), 19 
Builder’s Trice Book, Locinvood, 

31 

Measuring, Beaton, 34 

Quantities, Beaton, 34 

Building, a Book on, Beckett, 32 

Art of, Dobson, 32 

Construction, Allen, 31 

Cottage, Allen, 32 

Dwelling Houses, Brooks, 

32 

Estates, Maitland 32 

Science of. Tarn, 32 


Cabinet-Making, Bitmead, 38 

Working, Hasluck, 49 

Calculator, O' Gorman, 63 

Chadwick, 51 

Concise Interest, Campbell, 

51 

Weight, Harhen, 51 

Calculus, Differential, Woolhouse, 
60 

Integral, Cox, 60 

Carpenter’s Guide, Nicholson, 37 
Carpentry and Joinery, Tredgold 
and Tarn, 37 

Tredgold, 37 

Cattle, Sheep, &c.. Burn, 52 
Cements, &c , Standage, 48 
Cham Cables, Traill, 22 
Chemistry of Mining, Byrom, 27 
Chimneys, Wilson, 3 
Circular Work, Colhngs, 38 
Civil Engineering, Law, 18 
Clock Jobbing, Ilasluck, 49 
Clocks, Watches, and Bells, 
Beckett, 46 

Coach-Buildmg, Burgess, 48 
Coal & Iron Industries, 27 

Mining, Cockin, 26 

Glover, 26 

Smyth, 27 

Colliery Manager. Pamely, 26 

Working, Bulman and Red- 

mayne, 26 

Colouring, Field & Davidson, 40 


Colours & Dye Wares, Slater, 44 
Commerce, Gambaro, 50 
Commercial Correspondency 
Baker, 50 

Compound Interest, Thoman, 59 
Concrete, Sutcliffe, 33 

Reinforced, Warren, 31 

Confectioner, Flour, Wells, 48 
Confectionery, Wells, 47, 48 
Constructional Ironwork, 
Campin, 18 

Copper Conductors, &c., 19 

Metallurgy of, Eissler, 24 

Cottage Building, Allen, 32 

Gardening, Hobday, 56 ^ 

Cotton Manufacture, Lister, 45 

Cranes, Glynn, ii 

Creation, Records of, Le Vaux, 

41 

Curves, Tables of, Beazeley, 15 
Cyanide Process, Eissler, 24 ^ 


Dairying, British, Sheldon, 53 
Dairy, Pigs, and Poultry, Burn, 

53 

Dangerous Goods, Phillips, 43 
Decoration, Facey, 39 

House-Pamting, Grahnng, 

&c., 39 

Imitation of Woods and 

Marbles, 39 

Marble, Blagrove, 40 

For other works see pages 

39» 40 

Decorator’s Assistant, 40 
Deep Level Mines of the Rand, 
Denny, 23 

Diamond Drilling, Denny, 24 
Dictionary of / rchitecture. 
Weak and Hunt, 63 

Painters, Daryl, 63 

Direct Current Machines, Sheldon 
and Mason, 29 
Discount Guide, Haihen, 51 
Drainage of Lands, Clark, 13 

(Mine), Michell, 25 

Draining & Embankrng, Scott, 

54 

Drawing Instruments, Heather, 
61 

Rules on, Pyne, 34 

Dwelling Houses, Brooks, 3^ 
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Dynamic Electricity, Atkinson, 

30 

J)ynamo Construction, Urqiihart, 

30 

Electric Machinery, Sheldon 

and Mason, 29 

How to Make, Crofts, 30 

Management, Paterson, 29 

Motor and Switchboard 

Circuits, Boivker, 29 

Earthwork, Graham, 16 

Tables, Broadbent 6- Carn- 

pin, 16 

-p — Tables, Buck, 16 
Earthy Minerals, Davies, 25 
Electrical Calculations, A tlnnson, 

30 

Conductors, Perrtne, 29 

—5 — Dictionary, Sloane, 30 

Engineering, Alexander, 28 

Sewell, 28 

Machinery, Sheldon and 

Mason, 29 

(Report on), 20 

Transmission, 28 

Electricity Applied to Mining, 
L^ton, Parr, & Perkin, 26, 29 

^Lai dncr and Foster, 42 

Text-Book, Noad, 30 

Electric Light Fitting, Urquhait, 

Light, Knight, 30 

* Light, Urquhart, 30 

Lighting, Swinton, 30 

— — Ship-Lighting, Urquhart, 30 

Telegraph, Lardner, 42 

Wiring, Diagrams and 

Switchboards, Harrison, 29 
Electro-Melmllurgy, Watt, 46 

Plating, Urquhart, 46 

Plating, Watt and Philip, 4G 

— — Typing, Uiqiihart, 47 
Embroiderer’s Design, Delamotte, 

40 

Engine-Driving Life, Reynolds, 6 
Engineering Chemistry, Phillips, 

* 43 

Drawing, Maxton, 8 

Estimates, 9 

Progress, Humber, 18 

Standards’ Committee, 

19, 20 


Engineering Tools, Horner, 2 
Engineer's Assistant, Templeton, 

8 

Companion, Edwards, 8 

Field Book, Haskoll, 14 

Handbook, Hutton, 4 

Pocket-Book, Clark, 7 

Reference Book, Foley, 2 

Year Book, Kempe, 7 

Engineman’s Companion, Rey~ 
Holds, 6 

Errors in Workmanship, 20 
Estate Tables, In wood, 57 
Euclid, Laiv, 59 
Every Man’s Own Lawyer, 62 
Excavating, Prehnt, 15 
Explosives, Etssler, 43 
Nitro, Sanford, 43 


Factoiy Accounts, Garcke 
Fells, 50 

Farm Acet Book, Woodman, 56 

Buildings, Scott, 32, 54 

Engineering, Scott, 54 

Management, Burn, 54 

Roads, &c., Scott, 54 

Farmers’ Tables, Fiancts, 55 
Farming Economy, Burn, 55 

Outlines, Burn, 54 

Practical, Shepherd, 53 

Small, Burn, 53 

Fertilisers, (“Ic , Dyer, 53 
Field Coils (Electrical), 20 

Fortification, Knollys, 63 

Implements, Scott, 54 

Fields of Gt Britain, Clements, 

54 

Fires & Fire Engines, Young, ii 
Flour, Kick and Powles, 47 
Forestry, Curtis, 37 
Foundations, &c., Dobson, 18 
French Polishing, Bttmead, 48 
French and English Technical 
Terms, Fletcher, 8 
Fruit Trees, Du Btcutl, 57 
Fuel, Williams and Clark, 10 
Fuels, Phillips, 10 


Garden, Forcing, Wood, 36 
Receipts, Qutn, 56 
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Gardening, Good, Wood, 56 

Ladies’, Wood, 56 

Multum-in-Parvo, 1^00^,56 

Gas and Oil Engines, Bah, 6 

Engines, Goodeve, 6 

Engines, Mathot, 6 

Engine Handbook, Rohetts, 

6 

Engineer's Pocket Book, 

O'Connor, 43 

Fitting, Black, 47 

Producer Plants, Mathot, 6 

Works, Hughes, 18 

Gauge Length, Unwin, ig 
Gauges, Limit, 20 
Geology, Historical, Tate, 28 

Physical, Tate, 28 

7 ate, 28 

Geometiy, Tatn, 17 

Analytical, Hann, Co 

I^escriptive, Heather, Go 

lechnical, Sprague, 17 

of Compasses, 17 

Plane, Heather, Go 

Girders (Iron), Buck, 17 
Glass Staining, Gessert and 
From berg, 41 

Glossary of French and English 
Technical Terms, Fletcher, 8 
Gold Assaying, Phillips, 24 

and Silver, Merritt, 24 

Metallurgy of, Eissler, 24 

Mining Machinery, 7 t7tney, 

23 

ITospecting, Rankin, 23 

Goldsmith’s Handbook, Gee, 4G 

and Silversmith, Gee, 46 

Grafting and Budding, Ballet, 57 
Granites, Hams, 28 
Grazier, Complete, Fream, 52 


Hall Marking Jewellery, Gee, 4G 
Handi ailing, Colhngs, 38 

— Goldthorp, 38 

Hay & Straw Measurer, Steele, 55 
Health Officer, Willoughby, 36 
Heat (Expansion by), Keily, 18 
Heat, Lardner and Loewy, 41 
Heating by Hot Water, 33 
Hints to Architects, Wtghtmck 
and Guillaume, 35 
Hoisting Machinery, Horner, i 


Hoisting & Conveying Ma- 
chinery, Zimmer, i 
Horology, Saunter, 45 
Horticulture, Newsham, 56 
House Decoration, Facey, 39 

Owner’s Estimator, 34 

Painting, Davidson, 39 

Property, Tarbuck, 34 

Hydraulic Manual, Jackson, 13 

Engineering, Marks, 13 

Tables, Neville, 13 

Hydrostatics, Lardner, 41 


Illumination, Delaniotte, 40 
India 'Ruhhci , J ohiison , 45, 57 * 

Indian Pailway Locomotives, 19 
Inflammable Gas, Clowes, 27 
Insulating Materials (Elec- 
trical), 20 

Interest Calculator, Campbell, 5*1 
Inwood’s Estate Tables, 57 
Iron Trades Companion, 
Downie, 50 

and Steel, Ho are, 8 

Metallurgy of, Bauennan, 

25 

Ores, Kendall, 25 

Plate Weight Tables, 

Burhnson and Simpson, 51 
Irrigation, Mawson, ii 
and Water Supply, Scott, 54 


Jeweller’s Assistant, Gee, 46 
Joints (Builders’), Christy, 38 
Journalism, Mackie, 63 


Key to H addon’s Algebra, Go 

to Young’s Arithmetic, 60 

Kitchen Gardening, Glenny, 56 


Labour Contracts Gibbons, 62 

Disputes, Jeans, 63 

Land Improving, Ewart, 58 

Ready Reckoner, Arman, 

55 

(Reclamation of), Beazdiey, 

II 

Land, Valuing and Improving, 
Hudson and Ewart, 59 
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Land Valuing, Hudson^ 59 
Landed Estates, Burn^ 55 
Lathe Work, Hasluck, 9 
^Laundry Management, 48 
Lawyer, Every Man’s Own, 62 
Lead (Argentiferous), Etsslcr, 25 
Leather Manufacture, Watt, 45 

Flemming, 45 

Letter Painting, Badenoch^ 40 
Levelling, Smms^ 15 
Light, Tarn, 35 
Light Railways, Calthtop, 11 
Lightning Conductors, Hedges, 33 
Limes, Cements, Burnell, 34 
Limit Gauges, 20 
locomotive Engine, Stretton, 5 

Engine, W eatherhurn, 5 

Engine Driving, Reynolds, 5 

Engineer, Reynolds, 5 

Engines, Dempsey, 5 

locomotives for Indian Rail- 
ways, 1 9 

Logarithms, Latv, 59 


Machine Shop Tools, Van 
Dervooyt, 2 

Machinery, Details, Campin, 9 
M^ble Decoration, Blagrove, 40 
Marine Engineer, Wannau, 21 

Engineer’s Pocket Book, 

Watinan, 21 

Engineering, Brewer, 21 

Engines, Murray, 2i 

and Boilers, Bauety 

Donlnn and Robeftson, 20 
Market Gardening, Shaw, 56 
Masonry, Purchase, 33 

and Stone-Cutting, Doh- 

S 071 , 33 

Courtney , 13 

Masting and Rigging, Kipping, 22 
Materials, Campin, 18 

Handling of, Zimmer, i 

(Strength oV), Barlow, 18 

Mathematical Insts , Heather, 61 

Heather & Walmtsley, 61 

Tables, Law and Young, 

• 23. 59 

Mathematics, Campin, 59 
Measured Drawings, Reilly, 31 
Measures, Weights, &c., Wool- 
house, 63 


Measuring Builders’ Work, 
Dobson and Tarn, 34 

Timber, &c., Horton, 34 

Meat Production, Ewart, 52 
Mechanical Dentistry, Hunter, 47 

' Engineering, Campin, 9 

Handling of Material, 

Zimmer, i 

Terms, Lockwood, 8 

Mechanics, Hughes, 10 

Lardner and Loewy, 41 

Tomlinson, 10 

of Air Machinery, Weishach, 

10 

(Tables for), Smith, 8 

Mechanics’ Companion, Tem- 
pleton and Hutton, 7 

Workshop, Hasluch, 49 

Mechanism, Baht^r, 10 
Mensuration & Gauging, Mant, 

42 

and Measuring, Baker, 17 

Metal Turning, Hasluch, 49 

Horner, 2 

Metalliferous Minerals, Davies, 

^5 

Mining Machinery, Davies, 

Metiic Tables, Dowling, 50 
Metrology , J ackson , 50 
Microscope, Van Heurch, 41 
Milk, Cheese, &c , Oliver, 53 
Millers’ Ready Reckoner, 

j Hutton, 55 

Milling Machines, Horner, i 
I Mine Drainage, Michcll, 25 
! Mines of the Rand, Denny, 23 
Mineral Sur^ eyor, Lintern, 28 
: Mineralogy, Ramsay, 28 
I Miners’ Handbook, Milne, 25 

, Pocket Book, Power, 25 

I Mining, British, Hunt, 25 
I Calculations, O'Donahue, 

I ^7 

Chemistry of, Byrom, 27 

Students, Notes for. Men- 

vale, 27 

Tools, Morgans, 27 

and Quarrying, Collins, 27 

Model Engineer, Hasluch, 49 
Mollusca, Woodward, 41 
Motor Cars, Tayler, ii, 48 
Vehicles, Tayler, ii 
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Museum of Science and Art, 
Lardner, 42 
Music, Spencer y 64 

* Natural Philosophy, Tomltnson, 

63 

for Schools, Lardna , 

42 

Naval Architect’s I’ocket Book, 
Mack row, 21 

Architecture, Peake ^ 22 

Navigation, Young, 23 

Gieemvood and Rosser, 22 

Practical, 23 

Nuts, Bolt Heads, and Spanners, 

20 

Oil Fields of Russia, Thompson, 
23, 42 

Oils, Analysis of, Wright, 42 
Optical Instruments, Heather, Gi 
Optics, Lardner Harding, 42 
Organ Building, Dickson, 48 
Oriental Manuals and Text- 
books, 51 

Packing Case Tables, RicJuud- 
son, 38 

Painting, Gullick < 5 * limbs, 41 
Paper Making, Clappoion, 44 

Watt, 44 

Pastrycook’s Cj H ide, Wells, 4S 
Patents, Hardingham, 63 
I’attern Making, Bat rows, 9 

Hasluck, 49 

Horner, 8 

Perspective, Ferguson, 34 

Pyne, 34 

Pianoforte, Spencer, 64 
Pioneer Engineering, Dobson, 15 
Pipe Flanges, 19 

Threads, 20 

Plastering, Kemp, 33 
Plating & Boilermaking, Hor- 
ner, 3 

Plumbing, Buchan, 33 

Lawler, 33 

Pneumatics, Tomlinson, 18 
Pocketbook, Agriculturist’s, 
Bright, 58 

Ewart, 58 

Francis, 55 

Hudson, 59 


Pocketbook, AgriculturisPs, 
McConnell, 55 

Auctioneer’s, Wheeler, 58 

Builder’s, Beaton, 34 

Engineer’s, Clark, 7 

Edivatds, 8 

Fletcher, 8 

Hasluck, 9 

Kempe, 7 

Smith, 8 

Templeton, 7 

Engineman’s, Reynolds, 6 

Gas Engineer’s, O'Connor, 

43 

Health Officer’s, 

36 * 

Marine Engineer’s, Mach- 

row, 21 

Wannan, 21 

Mensuration and Gauging, 

Mant, 42 

Miner’s, Milne, 25 

Poiver, 25 

Mining P inspector’s, 

Anderson, 24 

Meruit, 24 

Rankin, 23 

Refiigeration, Tayler, 10 

Pole Plantations, Bright, 58 
I^ortable Engine, Wanshrough, 5 
Portland Cement, Faija and 
Butler, 34 

Specification, 19 

I’ortuguese Dictionary, Eiwes, 64 

Grammar, Eiwes, 64 

Potatoes, Pink, 57 
Private Bills, Macassey, 63 
Pioducer-Gas Plants, Mathot,6 
Prospector’s Handbook, Ander- 
son, 24 ^ 

Pumps and Pumicing, Bale, 10 


Quantities (Builders’), 34 


Railway Brakes, Reynolds, 5 

Rails, Bull-headed, 19 

Flat Bottomed, 19 

Rolling Stock, 20 

Working, Stretton, ig 

Reclamation of Land, Beauley, 1 1 
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Refrigerating Machinery, Tay- 
ler, II 

Refrigeration, TayUr, to 

(Pocket Book), Tayler, 10 

Reinforced Concrete, Waryett, 31 
River Bars, Mann, 13 
Roads and Streets, Law, 15 
Rolling Stock (Railway), 20 
Roof Carpentry, Colhngs, 38 
Roofs, Construction of, Tarn, 18 
Rothamsted Experiments, 
Tipper, 53 

Rubber Hand Stamps, Slome, /|5 

#Sailmaking, Kipping, 22 

Sadler, 22 

Sanitary Work, Slagg, 36 
Savouries and Sweets, Allen, 48 
Saw Mills, Bale, 37 
i^crew Threads, 20 

Hasluck, 10 

Sea Terms, Pirrie, 22 
Sewage, Irrigation, Burn,^^ 

Purification, Barivtse, 36 

Sewing Machinery, Urquhart, 48 
Sheep (The), Spooner, 52 
Sheet-Metal Work, Crane, 47 
— — Work, JVatn ^ Homer, 47 
Snoring, Blagrove, 32 
Ship Building, Sonmerfeldt, 22 

G&rmzxi, Felskowslit, 22 

Ships and Boats, Bland, 22 
Silver, Metallurgy of, Etssler, 24 
Silversmith’s Handbook, Gee, 46 
Slate Quarrying, Davies, 27 
glide Rule, Hoaie, 59 
Smithy and Forge, Crane, 9 
Soap Making, Watt, 44 
Soaps, Modern, Lam horn, 44 
Soils, Bnr19, 53 

Spanish Dictionary, Elwes, 64 

Grammar, Elwes, 64 

Specifications, Bartholomew, 32 

m Detail, Macey, 31 

Star Groups, Gore, 41 
Statics, Graham, 17 

and Dynamics, Baher, 61 

Stationai^ Engine Driving, 
Reynolds, 6 

Steam Engines, Hurst, 6 

Steam 4nd Machinery Manage- 
ment, Bale, 6 

nnd Steam Engine, Clar^^ 10 


Steam Boiler Construction, 
Hutton, 3 

Boilers, Armstrong, 4 

Wilson, 3 

Engine, Baker, 5 

Goodeve, 4 

Haeder and Powles, 5 

Lardner, 5 

Safe Use of, 6 

Steel Conduits for Electrical 
Wiring, 20 

(Structural) Specifications, 

19 

Stone Working Machinery, 
Bale, II 

Strains m Girders, Humber, 17 

on Ironwork, Shields, 17 

I Structural Steel for Bridges 
I and Building, 19 

I Marine Boilers, 19 

Shipbuilding, 19 

Submarine Telegraphs, Bughi, 

30 

Superficial Measurement, 
Hau> kings, 38 

vSurvey Practice, Jackson, 14 
Surveying, Baher and Dixon, 14 

Frome and Warren, 15 

Instruments, Heather, 61 

Land & Marine, Haskoll, 14 

Subterraneous, Fenwick, 28 

Usill, 14 

Whitelaw, 14 

with Tacheometer, Ken- 
nedy, 14 

Tanning, Flemming, 45 

Watt, 4 '3 

Tea Machinery, Tayler, 47 
Technical Guide, Beaton, 34 

Terms, Fletcher, 8 

Telegraph Material, 19 
Temperature Experiments on 
Electrical Machines, 20 
Temperatuie Experiments on 
Insulating Materials, 20 
1 imber Importer, Graiidy, 38 

Mei chant. Dowsing, 38 

Richardson, 38 

, Toothed Gearing, Horner, 9 
j Tiamway Poles, 19 

! Rails and Fish Plates, 19 

Tramways, Clark^ ifi 
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Transmission by Electricity, 
Atkinson, 29 

Traverse Tables, Ltntern, 28 
Tree Planter, IVood, 57 

Pruner, fVood, 57 

Trigonometry, Plane, Hann, 60 

Spherical, Hann, 60 

Trolley Groove and Wire, 20 
Trusses, Griffiths, 18 
Tunnelling, Prelim and Hill, 15 

Simms and Clark, 15 

Tunnel Shafts, Buck, 16 
Turning Lathe, Hasluck, 9 

Metal, Hasluck, 49 

Horner, 2 

Wood, Hasluck, 49 

Ventilation of Buildings, 

3f> 

Villa Architecture, Wickes, 35 
Visible Universe, 41 
Vitruvius’Architecture, Gxvilt, 35 

Wages Table, Garhutt, 51 


Watch Jobbing, Hasluck, 49 

Maker, Saunter, 46 

Repairing, Garrard, 45 

Watches, History of, Kendal, 46 
Water Purification, Rideal, 36 

Engineering, Slag^, 12, 36 

Power of, Glynn, 13 

Supply, Humber, 12, 36 

Greenwell and Curry, 

12, 36 

Supply of Towns, Burton, 

12, 36 

Waterworks, Hughes, 13 
Well-Sinking, Swindell, 13 
Wireless Telegraphy, Sewall, 30 
Wood Carving for Amateurs, 41 

Engraving, Brown, 48 

Turning, Hasluck, 49 

Woods and Marbles, Imitation 
oi, Van der Burg, 
Woodworking, Hasluck, 49 

Machinery, Bale, 37 

Workmanship, Errors in, 20 
Workshop Practice, Winton, 9 
Works’ Manager, Hutton, 3 
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